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This thesis is concerned with the synlhesis of 
1,4,5,16-tetrahydroxytetrapheiiylene (72) and its derivatives, 76 and 107. Some 
essential background and previous works in this area are firstly introduced. The 
synthesis of 1,4,5,16-tetrahydroxytetraphenylene (72) was realized by stepwise 
Diels-Alder reactions from 1, l()-dimethoxydibenzol(7,£']cyclooctene (79) to conslrucl 
two benzene rings into the skeleton. The key intermediate 79 could be obtained hy 










I would like to express m y sincere thanks to m y supervisor, Prof. Henry N. C. 
Wong, for his invaluable advice, rigorous and simulating teaching, discussion and 
encouragement during the course of research, and preparation of this thesis. 
Wannest thanks are given to Dr. Tze-Lock Chan for his kindness and lircless 
discussion. 
Special thanks are also given to Dr. Chi-Keiing Lam for his assistances in 
carrying out the X-ray crystallographic analyses for telraphenylene 107. 
I am greatly indebted to Prof. Thomas C. W . Mak, Miss Hoi Shan Chan and Mr. 
Jin Zhi Wang for carrying out the X-ray crystallographic analyses, Mr. Chi-Chung 
Lee for measuring the high and low resolution mass spectra. 
Thanks are also given to the members of Room 257A for their support and 
helpful discussion. 
Financial support from the Earmarked Grant from the Hong Kong Rcscarch 
Grants Council of Hong Kong S A R China (Project no. C U H K 4264/00?) is 
gratefully acknowledged. 
Chi Wai HUI 
Department of Chemistry 
The Chinese University of Hong Kong 




I. Abstract ii 
II. Acknowledgements iv 
III. Table of contents v 
IV. Introduction 1 
A. Synthesis of tetraphenylene 1 
B. Structural characteristics of tetraphenylene 3 
C. Inclusion properties of tetraphenylene 5 
D. Synthesis of substituted tetraphenylenes 7 
1. Electrophilic aromatic substitution approach 7 
2. Substituted biphenyl approach 8 
3. Substituted biphenylene approach 10 
4. Bis acetylene approach 10 
E. Synthesis of dibenzo[<7,6']cyclooctene (42) and its derivatives 14 
F. Synthesis of 5,6,11,12-tetmdehydrodibenz()|<7，c:lcydo()aene (8) and ils 16 
derivatives 
G. The aim of the present research 21 
V. Results and discussion 26 
A. Synthetic strategy 26 
B. Preparation of 1,l()-diraethoxydibenzolt/,(?lcyclooctene (79) 28 
C. Preparation of I，12-dimethoxytribenzo[(7，c,6^]cydooctene (96) 33 
D. Preparation of 1,4,5,16-tetrahydroxytetraphenylene (72) and its 44 
derivatives 
VI. Conclusion 57 
VII. Experimental section 58 
VIII. References 81 
IX. Appendix 85 
A. List of N M R Spectra 86 
B. List of X-ray crystallographic data 104 
V 
IV. Introduction 
A. Synthesis of tetraphenylene 
Tetraphenylene (t;etrabenzo|>7, c, e, cyclooctatetraene) (1) is a coloiicss, 
high-melting (m.p. 233。C), and stable compound, which shows a relatively low 
solubility in most solvents. Compound 1 is a structurally highly interesting molecule; 
it contains four benzene rings, which are disposed alternately above and below ihc 
mean plane of the molecule and belongs to a Did symmetry point group. 
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Tetraphenylene (1) was first successfully synthesized in only 16% yield by 
Rapson, Shuttleworth and van Niekerk in 1943 (Scheme 1)」 
Scheme 1 
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In Rapson's method, 2,2'-dibromobiphenyl (2) was first converted to its 
corresponding Grignard reagent 3, and then the addition of copper (II) chloride to 3 
provided both tetraphenylene (1), and biphenylene (4) as a minor product. 
Alter the first preparation of 1 was reported, much effort had been devoted to 
the synthesis of 1 in acceptable yields. There were mainly three different approaches, 
the first one being a modified method based on Rapson's preparation (Scheme 2). 
Thus, lithiation of iodide 5 gave 6 for a subsequent coupling reaction, and the yield 
was upgraded to 5 3 % while CuCl2 was used as the additive.^ '^ '"^  
Scheme 2 
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The second approach involves pyrolysis of neat 4 in a sealed tube at 395-4()8"C. 
The yield of 1 was increased to 9 6 % and the side product was found to be biphenyl 
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The third approach for the synthesis of tetraphenylene was developed in our 
own laboratories.^ Diacetylene 8 readily underwent Diels-Alder cycloaddition with 
furan to furnish endoxide 9, which was then deoxygenated by the 
low-valent-titanium reagent^ to afford 1 in 50% yield (Scheme 4). 
Scheme 4 
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B. Structural characteristics of tetraphenylene 
In 1944, one year alter Rapson had published his synthesis of tetraphenylene ⑴， 
the molecular structure of 1 was established by electron diffraction.'^  It was clearly 
shown that the central cyclooctatetraene ring of 1 had a non-planar "tub" shape with 
t) 
bonds alternating in length around the ring. The shorter bonds (1.39 土 0.02 A) arc 
3 
common to the benzene ring, while the bonds joining the benzene rings are longer 
(1.52 土 0.04 A). Also, the benzene rings are disposed alternately above and below ihe 
mean plane of the molecule. The absorption spectra^) of 1 also indicated that the 
molecule was non-planar, so it contributed very little to the conjugation ol" Ihc whole 
molecule. The "tub" form of the central cyclooctatetraene ring of 1 was shown as 
below. 
Alter the structure of 1 had been characterized, several research groups 
attempted to determine the energy barrier for ring inversion of the molccule.".丨：“,】‘ 
It is noteworthy that if the geometry of 1 were to maintain at a planar conformalion, 
the a-hydro gen atoms on two adjacent benzene rings would have been as close as 0.8 
A. As a result, a high barrier for ring-inversion should be resulted due to the four 
repulsive H H nonbonded interaction along the reaction coordinate when an 
inversion takes place. 
. O 。 . 8 》 0 Q 
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Since 1 is symmetrical, it is impossible to determine the energy lor 
ring-inversion directly. Figeys and Dralants attempted to study a derivative of 1 
4 
namely 10 in 1 9 7 1 H o w e v e r , thermal racemization of 10 could not be achieved 
because of its complete decomposition at Later, Rashidi-Ranjbar, Man, 
Sandstrom and Wong found that 11 could be partly racemized with only partial 
decomposition at +6()()"C, with a rate corresponding to a free energy barrier to ring 
inversion of 67.2±0.8 kcal/mol/‘^ This barrier should be approximately valid also for 
1. 
COCH3 < ( 3 
1 10 11 
C. Inclusion properties of tetraphenylene 
The clathrate inclusion property of 1 was first reported by Rap son, Shultleworlh 
and van Niekerk.^ However, the formation of 2:1 adducts of tetraphenylene with a 
variety of solvent molecules drew no attention until the concept ol" clathration was 
clarified by Powell's pioneering study in 1947.''' 
In the early 198()'s Wong and Mak accidentally 're-discovered' thai the 
crystallization of 1 in chloroform yielded tetragonal plates which gradually turned 
opaque upon exposure to air. The density of the crystalline product as measured by 
5 
flotation in aqueous potassium iodide solution considerably exceeded thai cxpeclcd 
for a solid hydrocarbon. These findings were indicative of guest-host interaction in 
the crystalline solvate. This result prompted Mak, Wong and coworkers to underiake 
a systematic crystallization and X-ray study employing a wide variety of potential 
guest species for the study of the guest-host interaction.)6’口 
The clathrate crystals were obtained by a slow evaporation of solutions of 1 in 
‘guest，solvents (G), and gave the general formula 2C24H16 • G in space group PAihi 
with Z = 2. The crystal data are tabulated in Table 1. 
Table 1. Crystal data for dathrates inclusion compounds of 1，2C24H16.G 
Volume (A勺 
Guest solvent, G a (A) c (A) Unit cell Cavity 
CH2CI2 9.892(5) 18.46(1) i m tTH 
Acetone 9.902(2) 18.491(6) 1813.0 ^ 
T H F 9.906(1) 18.503(5) 1815.7 ^ ^ ^ 
CH2Br2 9.935(2) 18.546(6) 1830.6 ^ ^ 
“ CHC13 9.925(2) 18.593(3) 1831.5 ^ 
Dioxian 9.968(1) 18.553(5) 1843.5 ^ 
2-Bromopropane 9.973(1) 18.633(5) 1853.3 101.4 
1-Bromopropane 1().()04(1) 18.647(4) 1866.2 107.8 
^ 9.930(2) 18.932(6) l ] ^ 108.2 
Benzene.. 10.069(1) 18.432(5) 1868.6 109.0 
Cyclohexane 10.73(1) 18.712(2) 1898.6 1241 
• 6 
A stereo view of the molecular packing in a representative clathrate, namely 2 
C24H16 • CCl4，i8 is shown in Figure 1. 
‘ *•* r ^ jih 1 ’ 11 .WBA� J 
Figure 1. Molecular packing in 2 C24H16 • CCI4 clathrate illustrating the environment 
of a guest species located at (1/4, 1/4, 1/4). The disordered CCI4 moleculc is shown 
in its preferred orientation, and H atoms have been omitted for clarity. 
D. Synthesis of substituted tetraphenylenes 
1. Electi'ophilic aromatic substitution approach 
Since the benzene rings of 1 are not in conjugation with each other, they behave 
as a "normal benzene". As a result, bromination/ nitration' and acyliition" of 
tetraphenylene 1, shown in Schcme 5, are considered as normal electrophilic 
aromatic substitution reactions. 
• 7 
Scheme 41 
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The drawback of this methodology is the difficulty in predicting the position of 
substitution. Therefore a number of possible isomers can be formed in the reaction. 
2. Substituted biphenyl approach 
Substituted 1 can also be prepared by a more accurate way, in which the desired 
SLibstitueiits are positioned first on the starting materials before the actual skeleton of 
telraphenylene is constructed. Thus, thermolysis of iodonium salt 15，which in turn 
was prepared from 2-iodo-3-nitrobiphenyl (14), led to the formation of the 
nitro-substituted telraphenylene in the presence of cop per (I) oxide.”）However, the 
yield of dinitrothetraphenylene 16 generated in this manner was only 0.56%. The 
. 8 
modification devised by Hellwinkel, Reiff and Nykodym was also unsatisfied; the 
yield was only 3 % for each isomer 20 and 21 (Scheme 6).2() 
Scheme 6 
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In our recent study, 1,4,5,8,9,12,13,16-octamethoxytetraphenylene (23) was also 
synthesized following this approach. Trealmcni of 
2,2'-diiodo-3,3',6,6'-tetramethoxybiphenyl (22) with /?-BuLi led to 23 as the major 
product in the presence of CuCli (Scheme 7). 
9 
Scheme 10 
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3. Substituted biphenylene approach 
Vacuum sealed tube pyrolysis at 4{)()"C of 2,3,6,7-tetramethylbiphenyl (25) 
furnished 2,3,6,7,10,11,14,15-octcimethyltetraphenylene (26) in only 6 % yield 
(Scheme The disadvantage of this method is the liinctionalized biphenylene 








4. Bis-acetylene approach 
In 1990, Man, M a k and W o n g synthesized a series of benzo-fused 
1 0 
tetraphenylenes using the Diels-Alder cycloaddition between some strained 
cyclooctynes and fiirans to furnish 1,4-endoxides, which were followed hy 
low-valent-titaniiim deoxygenation to give the desired substituted products (Scheme 
9).23 
Scheme 9 
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The advantage of this approach is fimctionalized fiirans can be added to the 
pre-designed 8-membered ring skeleton under careful control. Furthermore, the 
. 1 2 
position of the two acetylene bonds can also be varied in the central cyclooctenc ring. 
Thus, starting from 6,7-dibromodibenzo[fl,^]cyclooctene (37) and 
4,7-dimethoxybenzo[c]furan (38)，2,5,8,ll-tetramethoxydibenzol/;,/7jtetraphenylcne 
(40) was synthesized in 4 2 % yield in our laboratory? again through the endoxide 39 
as an intermediate (Scheme 10). 
Scheme 10 
C ^ B r ^ ,-BuOK 
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M e O 
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Unlike the reactions involving 8，29 and 32, there was no indication lor the 
simultaneous formation of two acetylene bonds by mixing f-BiiOK and dibromide 37. 
Thus, one of the endoxide rings might be formed first, and then the second 
dehydrobromination reaction took place to lead to the formation of 
. 1 3 
E. Synthesis of dibenzo[a,e]cyclooctene (41) and its derivatives 
One of the most common methods to prepare tetraphenylene (1) was first fully 
7 26 
studied by W o n g and Xing by using dibenzo[",e]cydooctene (41) as ihe starling 
material. In the following discussion, the synthesis of 41 is introduced. 
In 1952, Cristol and Hause successfully synthesized barrelene (44) starting IVom 
anthracene (42), employing Diels-Alder reaction with trans-1,2-dichloroethylene, 
and then followed by dechlorination of the adduct 43.2? Alter photo rearrangement 
of 44，28 41 was successfully formed in a reasonable yield (Scheme 11). 
Scheme 11 
CI 
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Twenty years later, dimethyl acetylenedicarboxylate was used instead of 
trans-1,2-dichloroethyleiie as the dienophilie in the Diels-Alder reaction, adduct 46 
was then followed by base induced saponification and copper-promoted 
decarboxylation. In this manner, barrelene 48 was formed in a easy manner (Scheme 
12)29 
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Besides photo induced rearrangement of barrelene 44，thermal conversion of 
2 5 
3:4,7:8-dibenzotncyclo[4.2.0.0 ’ ]octa-3,7-diene (49) to dibenzo|a，6^]cyclooaenc (41) 
was also recorded (Scheme 13)， 
Scheme 13 
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49 41 
The central 8-member ring skeleton of 41 could also be constructed by a Wittig 
reaction. Thus, o-xylylenebis(triphenylphosphonmm brominde) (50) and 
ophthaldehyde (51) underwent a Wittig reaction to give dibenzo[c/,6'jcyclooctene 
(41), but in a meager 18% yield (Scheme 14).^ ^ 
. 1 5 
Scheme 14 
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Based on the procedure devised by Cope, two molar equivalents of dibromide 
52 were allowed to dimerize to form the precursor 53’ which was then converted to 
41 easily (Scheme 15).^ ^ 
Scheme 15 
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F. Synthesis of 5,6,ll,12-tetradehydrodibenzo[a,^]cyclooctene (8) and its 
derivatives 
5,6,11,12-Tetradehydrodibenzo[fl,^]cyclooctene (8) is the smallest cyclophane 
with highly reactive, bent acetylenic bonds, which readily undergo Diels-Alder 
cycloadditioii with furan to funiish endoxide, as a precursor of 1. 
The synthesis of 8 was first achieved by Wong, Garratt and Sondheimer in 
. 16 
1974.25 Dibeiizo[fl，£^ ]cycloocteiie (41) underwent bromination to give tetrabromide 
55，and dehydrobromination of 55 with ？-BuOK resulted in the loss of four molecules 
of hydrogen bromide and gave the diacetylene 8. Monoacetylene 57 could also be 
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From the works of Sondheimer and Wong, diacetylene 8 proved to be a 
relatively stable compound, with only minor decomposition after several days when 
the solid was allowed to stand at room temperature without protection from light or 
air. However, monoacetylene 57 was rather unstable which decomposed alter being 
allowed to stand for a few minutes at room temperature without protection from lighi 
or ail-. 
In 1982，a rather stable monoacetylene 59 was successfully synthesized." Due 
to the fact that the acetylene bond was hindered by two methyl groups in 59, only 
. 1 7 
negligible decomposition was observed after keeping the crystalline form of 59 at 
room temperature without protection from air and light. The synthesis of 
m o no acetylene 59 was showed in Scheme 17. 
Scheme 17 
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Recently, Chakraborty, Tessier and Youngs made use of a Sonogashira coupling 
to dimerize an ortho-Qihyny\ iodobenzene derivative 60, forming 61 in very low 
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The two acetylene bonds of 61 were protected by four very bulky T B D M S 
groups that when the reaction mixture was heated to 9()"C for one day, 10% yield of 
61 was still obtained. Also, Youngs proposed that the side product 62 was resulted 
from a transannular cyclization of 61 through the formation of a biradical 63, and this 
side reaction might be induced by high temperature in the reaction mixture. 
A new route to synthesize diacetylene 8 and monoacetylene 57 from another 
commercially available starting material dibenzosiiberenone (64) was reported by 
Wiidl and co-workers. A ring expansion of 64 was carried out to give trienone 65. 
Base treatment of 65 afforded an enolate that was converted to the enol triflate with 
triflic anhydride. Bromination and subsequent base-induced elimination furnLshed 
finally diacetylene 8 in good yield. Also, monoacetylene 57 was obtained from 66 by 
. 1 9 
a similar base-induced elimination (Scheme 19). 
Scheme 19 
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In 2002, Otera published a novel method for the synthesis of diacetylene 8 in a 
high yield, and in one pot manner (Scheme 20).^^ Thus, under basic condition and in 
the presence of ClP(0)(0Et)2，compound 68 underwent phosphonation and 
subsequent interim)lecular Wittig-Horner reaction twice to afford an isolable 
intermediate 69. After elimination with L D A , compound 8 containing two benl 
acetylene bonds was formed in 61%. 
• 2 0 
Scheme 20 
严2Ph 1. CIP(〇)(〇Et)2，LiHMDS — 
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Otera also explained that the high yield of this double elimination reaction is the 
stepwise conversion of sp^ carbons to sp^ and finally sp carbons in the terminal 
acetylene, which bypassed the difficulty of a direct formation of sp carbons. 
G. The aim of the present research 
Recently, molecular architecture has become an important research area in 
science. Assembly of molecules into highly ordered organic and organometallic 
linear, 2-and 3-dimensional molecular networks is playing an important part in 
organized organic films, designer catalysts, nanotechnology and integrated chemical 
systems." 
Triggered by the aforementioned reasons, w e have started a research project 
concerning the construction of 3-dimensional molecular scaffolds using 
tetraphenylenols as building blocks. In our project, w e would like to synthesize five 
. 2 1 
tetraphenylenols 70-74 (Scheme 21). In the past two years, compound 70, 71 
and 7421 have been already synthesized in Shanghai and Hong Kong, respectively. 
Scheme 21 
70 71 72 
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Due to the very high barrier to ring inversion of tetraphenylene,^ *• ^^^'^^ phenols 
70, 71 and 73 can in principle be resolved into their corresponding optical antipodes. 
On the contrary, tetraphenylenols 72 and 74 are intrinsically achiral. In recent studies, 
phenols 70 and 71 were successfully resolved.. ” 
Alter the synthesis of these five tetraphenylenols, they will be inter-connnected 
through the formation of metal tetraphenylenoxides, by employing quadrivalent 
metal ions as the central linkage.^^ In the construction of oxo-metal links, it is 
noteworthy that either tetraphenylenoxides or dichloro-tetraphenylenoxides can be 
obtained by controlling the amount of base such as triethylamine in the reaction. 
. 2 2 
Therefore, by manipulating the base auxiliaries, the growth of the tilianium 
molecular scaffolds can likely be controlled. 
The structures of some possible 3-dimensional scaffolds are shown in Figure 2 
and Figure 3, which were computed by ah initio calculation (level of theory 
HF/ST0-3G*，Software package used: Gaussian 98 Suite of programs, courtesy of 
Professor Wai-Kee Li, C U H K ) . 
i I 
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Figure 2. The proposed molecular scaffold A consisting of tetraphenylenols 70 and 
71 and its ah initio calculated structure. 
. 2 3 
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Figure 3. The proposed molecular scaffold B consisting of tetraphenylene)Is 71 and 
72 and its ah initio calculated structure. 
. 2 4 
The aim of the present work will only concentrate on the synthesis of 
tetraphenylenol 72, which employing 1,8-dihydroxyanthraquinone (75) as the 
starting material. In the coming section, the synthesis of 
1,4,5,16-tetrahydroxytetraphenylene (72) will be introduced. 
. 2 5 
V. Results and Discussion 
A. Synthetic strategy 
The synthesis of 1,4,5,16-tetrahydroxytetraphenylene (72) made use ol、the 
commercially available 1,8 - d ihy d r o anthr aq u ino ne (75) as a precursor. The 
retro synthetic analysis of 1,4,5,16-tetrahydroxytetraphenylene (72) is outlined in 
Scheme 22. 
Scheme 22 
I I = = > I I I I 
H O ~ { ^ O H H O ~ { a ) O H Me〇 〇Me 
H O OH MeO \ J j 〇Me 
72 76 77 
MeO 〇Me MeO 〇Me 
78 79 
MeO O M e H O O OH 
80 75 
Our target could be achieved by stepwise Diels-Alder reactions from 
. 26 
dibenzo[a,g]cyclooctene 79 to construct two benzene rings into the skeleton. The key 
intermediate 79, in turn, could be obtained by photo-rearrangement of barrelene 80. 
Tetraphenylenol 72 is not a highly symmetrical molecule when compared with 
37 38 
phenols 71 and 74." For this reason, it would not be possible to introduce two 
identical moieties. 
M e〇 M e〇 
M e O — — J M e 〇 ~ ~ ^ - O M e 
2x r T I 2 X r Y . I 
O M e 
1. coupling reaction 1. coupling reaction 
2. deprotection 2. deprotection 
/ Q h S ^ - Q ^ S H 
/^Y ry—Y^j { T 
/ , O " ^ H 0 H H O H ^ ^ - ^ H O H H g ^ ^ ^ C ^ r 
71 72 74 
Therefore, our target 72 should only be synthesized from a pre-constructed 
8-membered ring skeleton, just like 79. However, two possible pathways should lead 
to out target (Scheme 23). 
. 2 7 
Scheme 41 
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\ ——[I O || jl o | “ 
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81 82 
In our previous works/。route B seems difficult to accomplish. Thus, 
preparation of dibenzo[<7,^]cyclooctene 81 directly from its corresponding barrelene 
was found to be impossible through a photo induced rearrangement.'*^ Although 
compound 81 could be obtained finally, the complicated steps, difficulties in 
obtaining the precursor, tedious work-up and low yield all combined to lead us to 
abandon this approach.*。 
B. Preparation of l,10-dimetlioxydibenzo[a,^]cyclooctene (79) 
First, the hydroxyl groups in 1, lO-dihydroxyanthraqiiinone (75) were convened 
to methoxy groups. The commonly used reagents for methylation are iodomethane 
and dimethyl sulfate. However, due to the low boiling point and expensive price of 
. 2 8 
iodomethane, dimethyl sulfate was chosen as the suitable reagent for a largc-scalc 
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Both methods gave 83 in high yields and in easy manner. However, the second 
method involved a phase transfer catalyst that required only room temperalure 
operation. Also, another advantage of the latter method is that the reaction time was 
shortened from 12 hours to 4 hours. 
1,8-dimethoxyanthraqiiinone (83) was reduced to its corresponding anthracene 
84 smoothly in the presence of zinc under an alkaline environment.'^^ Besides this 
one step procedure, a two-step procedure was also attempted. Thus, quinone 83 was 
reduced to diol 85 first by lithium aluminum hydride (LAH) at ()"C, and then to 
anthracene 84 in 8 5 % yield in one pot (Scheme 25).斗^  
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By comparing these two methods, the two-step approach seems much more lime 
saving and the yield is better. However, the cost of this reaction is much more 
expensive due to the use of L A H as the reducing agent, rendering it not suitable lor 
large-scale preparation purpose. 
With 1,8-dimethoxyanthracene (84) in hand, a Diels-Alder reaction between the 
anthracene 84 and dimethyl acetylenedicarboxylate ( D M A D ) provided dimethyl 
9, l()-dihydr()-9,lO-etheno-1,8-dimethoxyanthracene-11,12-dicarboxylate (86) in 8 0 % 
yield after recrystallizatioii.^ ^ The adduct 86 was then hydrolyzed by treatment with 
sodium hydroxide in boiling 4 0 % aqueous methanol to afford diacid 87.45 八厂⑵. 
reductive bisdecarboxylation of diacid 87 in the presence of copper powder jbr 3 
hours, 1,8-dimethoxybarrelene (80) was obtained in 5 2 % yield，、The major side 
product was found to be 1,8-dimethoxyanthracene (84) which was obtained in 21 % 
. 3 0 
yield. The formation of this side product was confirmed from the retro Diels-Alder 
reaction of diacid 87 at high temperature. However, if the scale of the 
bisdecarboxylation reaction was decreased from lOg to Ig, the yield of barrelene 83 
was upgraded to 76 % , and only 2 % of the side product was obtained. In Scheme 26, 
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As shown in our retro synthetic scheme, 1,8-dimethoxybarrelene (80) was 
subjected to a photo-inducted rearrangement to afford 
1,l()-dimethoxydibenzo[fl,e]cyclooctene (79) in degassed T H F at 2()"C, the key 
intermediate in our project (Scheme 27)/^ 
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Scheme 41 
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The mechanism of this photo isomerization was assumed to start from an 
intramolecular [2+2] cycloadditioii through a singlet excited state under U V 
irradiation, and was then followed by a thermal reorganization of the resulting cage 
compound to give 1, l()-dimethoxydibenzo[«,e']cyclooctene (79) in 9 5 % yield. The 
reaction time could be shortened from 10 hoiirs"^ ^ to 3 hours while the reaction 
temperature was increased from to 2()"C. The detail of this mechanism was 
shown ill Scheme 28.47 
Scheme 28 
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The absorptions of proton N M R spectrum of 
1,10-dimethoxydibenzo[a,g]cyclooctene (79) in CDCI3 can be divided into four 
. 3 2 
different groups. Firstly, the noteworthy singlet at 6 3.78 is attributed to the methoxy 
protons. Secondly, the multiplet due to the absorptions of the two protons (H-4, H-7) 
overlaps in the region of 8 6.65-6.70 with H-2 and H-9. Thirdly, two sets of singlets 
at 6 6.73 and 6.74 are attributed to the olefinic protons. Finally, two doublets at S 
7.11-7.16 (ABC system, Jab = Jbc= 8 Hz) correspond to two protons (H-3, H-8) in 
I o 
the benzene ring. With the evidence from ‘ C N M R spectroscopic data of 79 and 
elemental analysis (Anal. Calcd. for C18H16O2: C, 81.79; H, 6.10. Found: C, 82.01; H, 
5.89), w e can prove the success of photo rearrangement of barrelene 80. 
C. Preparation of l,12-diinethoxytribenzo[«,c,^]cyclooctene (96) 
After a sufficient amount of the key intermediate, namely 
I, l()-dimethoxydibenzo[a,^]cyclooctene (79) was secured, the next step was to 
construct the tribeiizo[a,c,e]cyclooctene skeleton, whose synthesis was not expected 
to be trivial, as can be revealed by a literature survey.48’49 
First, bromination5o of dibenzo[a,eyelo0ctene 79 with one molar equivalent 
of bromine at (fC in CCI4 gave a mixture of 
5，6-dibromo-5，6-dihydro-l, l()-climethoxydibenzola，eJcydooctene (88) and 
II,12-dibromo-11,12-dihydro-1，10-dimethoxydibenzo[a,e]cyclooctene (89) (Scheme 
29). It is noteworthy that only dibromide 88 and 89 would be obtained even when a 
. 3 3 
slightly excess of bromine was used. Tetrabromide 90, on the other hand, could only 
be formed under U V irradiation."^ ^ 
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W e attempted to optimize the reaction by varying the temperature and the 
solvent used. When the reaction temperature was increased to 22"C, or 
dichloromethane was added as solvent, electrophilic aromatic substitution products 
were found in the reaction mixture. The formation of these side products was due to 
the electron-donating ability of the two methoxy groups, and the possible mechanism 
was shown in Scheme 30. In practice, a very complicated mixture ol" bromides was 
found if the solvent or temperature was not optimized. 
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After the bromination reaction, we have tried to purify the products. However, 
dibromides 88 and 89 were not easily separated. Due to the similar polarities oi' the 
two isomers and the complexity of the reaction mixture, recrystallization was also 
not successful. Also, the polarities of 88 and 89 were found to be nearly the same on 
T L C , and decomposition occurred on silica gel when column chromatography was 
employed. 
As a result, a mixture of dibromides 88 and 89 (generated in situ) were 
subjected to dehydrobromination using potassium fm-butoxide in anhydrous T H F at 
26 
room temperature. Acetylenes 92 and 93 were presumably formed after the reaction. 
However, only 11,12-didehydro-1, l()-dimethoxydibenzo[«,^]cyclooctene (93) was 
successfully isolated, the other product was found to be 
5-tert-buioxy-1,10-dimethoxydibeiizo[a,c]cyclooctene (94), which might be resulted 
from an addition reaction between acetylene 92 and the excess potassium 
tert-hutoxidQ (Scheme 31).^ ^ 
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The steric hindrance of the two methoxy groups in 93 may lead to the protection 
of the acetylene bond from being attacked by the tert-huioxidt. Acetylene 93 was 
crystallized from tetrahydroliiran under a very careful manner to provide reddish 
single crystals. M o n o acetylene 93 is a relatively stable compound which only 
decomposed negligibly after being kept at room temperature without protection from 
air and light for one month. 
In the proton N M R (CDCI3) spectrum of 
11,i2-didehydro-l,l()-dimethoxydibenzo[a,^]cyclooctene (93) containing an plannar 
8-membered ring, three sets of well resolved absorptions (5 6.29-6.31, 8 6.44-6.47 
and 5 6.80-6.85) can be assigned to the benzenoid protons. The olefinic protons 
resonate at 5 5.44 (Figure 4). The relatively high-field resonance of the benzenoid protons of 93，and in particular the up-fi d shift of the 8-membered ring ol fin c. 3 6 
protons as compared with those of 79 clearly indicates the existence of a 
paramagnetic ring current in the 8-membered ring of 93 because of its planar 
structure. Furthermore, a characteristic signal at 5 108.83 shown in the '^C N M R ol" 
93 proved the existence of the acetylene bond. 
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Figure 4. The proton N M R spectra of 93 and 79 with well characterization in 
aromatic region. 
Besides the evidences from the N M R spectroscopic data, the IR spectrum (KBr) 
of 93 showed a week C三C stretching band at 2230 cm\ Furthermore, the structure 
. 3 7 
of 93 was also confirmed by an X-ray crystallographic analysis (Figure 5). 
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Figure 5. Molecular structure and atom labeling of 93. Ellipsoids are drawn at the 
3 0 % probability level. Symmetry transformations used to generate equivalent atoms: 
#1 -x+2，y, -z-1/2. Selected bond distances and angles: C7-C7#l = l. 193(3)A, 
C7#l-C7-C6=154.74(8)o. 
It is convenient to describe the conformations of 59 and 93 quantitatively, as 
compared to that of the non-planar 41，in terms of the fold angles a and till angles /产 
in Table 2. Clearly acetylenes 59 and 93 both possess a planar eight-membered ring, 
due to the formation of the triple bond. 
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Table 2. Comparison of conformations'* of some dibenzo[fl,e]cyclooctenes 
kxA^^^^^/^-v^ 
一 MeO O M e 
41 59 93 
、、丨r^h benzene ring 
Moleciile a fi Ref. 
41 43.2 “ 2.9 53 “ 
59 11.2 — 2.1 一 33 
93 0.8 1.6 I This work 
'The fold angle a and tilt angle [i are defined as in Ref. 52. The subscript refers 
to the common edge of the six-and eight-membered rings. In the illustrated example, 
a is the dihedral angle between the plane containing bonds h, a and h, and the plane 
containing bonds c and g; fi is the dihedral angle between the left benzene ring and 
Ihe plane containing bonds h, a and h. 
Figure 6. Stereoview of molecular packing of 93. H atoms have been omitted for 
clarity. The origin of the unit cell lies at the lower left corner, with a pointing 
downwards, b from left to right, and c towards the reader. 
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Since the isolation of acetylene 92 was not successful, w e decided to perlorm 
the reaction in one pot. Thus, dehydrobromination of dibromides 88 and 89 with 
tert-buioxidt in tetrahydrofiiran at room temperature for 4 minutes led to acetylene 
92 and 93，which was subjected to Diels-Alder reaction with excess liiran 
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The major product was found to be endoxide 78 which was produced in 3 5 % 
yield (from 79 to 78)，and its isomer 95 and side product 94 were isolated as 9 % and 
10% yield, respectively. From the proportion of the products after the reaction, it can 
be seen that the major product after bromination of 
. 4 0 
1,1 ()-dimethoxydibenzo[a,e]cyclooctene (79) was found to be dibromide 88，which is 
due to the steric factor. Also, w e have tried to reduce the yield of the side product 94 
by using a lesser amount of potassium e^/t-biitoxide. However, it was found that the 
yield of endoxide 78 also decreased. 
The proton N M R (CDCI3) spectrum of endoxides 78 and 95 showed a quite 
similar splitting pattern as shown in Figure 7. However, the protons (H-6, H-7) in the 
endoxide ring of 78 was shifted up-field from 6 7.39 to 7.16 in the spectrum of 95. 
Moreover, a doublet of doublets (5 6.34-6.37) belonging to the benzene id protons in 
78 was shifted to down-field. 
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Figure 7. The proton N M R spectra of 78 and 95 with full characterization aromatic 
region. 
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It is well known that endoxides 78 and 95 should have endo and exo isomers 
after a Diels-Alder reaction. However, an unexpectedly "clean" proton N M R of 78 
and 95 suggested that only one isomer was formed. After single crystals of 78 were 
successfully grown, the structure of 78 was finally coiilirmed to be the exo adduct by 
an X-ray crystallographic analysis. 
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Figure 8. Molecular structure and atom labeling of 78. H atoms have been omitted 
for clarity. Ellipsoids are drawn at the 30% probability level. 
..Titanium tetrachloride-lithium aluminum hydride was found to be effective Ibr 
the deoxygenation of many endoxides/ However, endoxide 78 was eventually added 
slowly to a low-valent-titaniiim solution which had been generated in situ by 
reduction of titaniiim(IV) chloride with zinc in triethylamine and THF. 
1,12-Dimethoxytribenzo[a,c,g]cyclooctene (96) could be obtained in 9 0 % yield after 
refluxing for 20 hours (Scheme 33). 
. 4 2 
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111 this reaction, zinc power was used instead of lithium aluminum hydride 
(LAH) for the reduction of Ti(IV) to Ti(II). Then Ti(II) cleaved the carbon oxygen 
bond of the endoxide to form a Ti(III) radical complex. Double-bond migration and 
reduction of Ti(III) to Ti(II) radical followed by loss of Ti(II) oxide would yield an 
aromatic system. The detailed mechanism was shown in Scheme 34.^ 
Scheme 34 
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The resonance of the proton N M R spectrum of 
1,12-dimethoxytribenzo[a,c,^]cyclooctene (96) are assigned as follows. The singlet 
at 5 3.80 corresponds to the methoxy protons. The olefinic protons (H-13, H-14) 
absorb as a singlet at 5 6.73. Also, two sets of doublet of doublets belonging to the 
. 4 3 
benzenoid protons (H-2, H-4, H-9, H-11) appear at 5 6.74-6.81. The multiplet due to 
the absorption of the two protons (H-6, H-7) overlaps with H-3 and H-IO in the 
region of 6 7.14-7.7.19. Finally, the doublet of doublets at 6 6.36-6.39 (J = 5.7 Hz, 
3.6 Hz) can be attributed to two protons (H-5, H-8) of the newly constructed benzene 
ring. The H R M S (EI) of 96 shows the molecular peak at mJz 314.1305 (Calcd for 
C22H18O2： 314.1301). Furthermore, the elemental analysis result is consistent with 
the structure of 96 (Anal. Calcd. for C22H18O2： C, 84.05; H, 5.77. Found: C, 84.28; H, 
5.82). 
D. Preparation of 1,4,5,16-tetrahydroxytetraphenylene (72) and its derivatives 
With tribeiizo[a，c，e]cyclooctene 96 in hand, w e would like to construct a 
substituted benzene ring to furnish our target through reaction between acetylene and 
furan as w e described before.^^ 
First, w e have tried to brominate the double bond on 
1,12-dimethoxytribenzo[a,c,e]cyclooctene (96) as usual. However, it seemed no 
reaction occurred while mixing compound 96 and bromine at ()"C. W h e n the 
temperature was increased to ITC, some of the starting material was still detected by 
T L C after 24 hours after one molar equivalent of bromine was added. As a result, It 
is likely that the double bond on tribenzocyclooctene 96 is not electron-rich enough 
. 4 4 
towards an electrophilic addition reaction. Although a large excess of bromine would 
increase the speed of the reaction, higher yield of the side product tetrabromide 98 
was also resulted. 
Finally, we have found an optimized condition that balanced the reaction time 
and the formation of the side product 98. In practice, tribenzocyclooctene 96 was 
mixed with 4 molar equivalents of bromine for 6 hours in refliixing anhydrous 
carbon tetrachloride, furnishing mainly dibromide 97 (Scheme 35). 
Scheme 35 
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The solubilities of dibromide 97 and tetrabromide 98 are generally low in 
common solvents, and their polarities are also nearly the same that make it difficult 
to separate them by column chromatography. However, we did separate 97 and 98， 
and' single crystals of tetrabromide 98 led to its structure elucidation by an X-ray 
crystallographic analysis (Figure 9). 
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Figure 9. Molecular structure and atom labeling of 98. H atoms have been omitted 
for clarity. Ellipsoids are drawn at the 30% probability level. 
As can be seen from Figure 9，a highly distorted cyclooctene ring configuration 
was resulted in order to release the steric hindrance of four bulky bromine atoms. 
Although two bromides 97 and 98 were successfully separated, we decided to react 
them together in the next step. 
In addition to the use of bromine, we have also tried another brominating 
reagent, such as potassium bromide and ceriura(IV) ammonium nitrate (CAN) in a 
two phase system consisting of water and dichloromethane. ^ ^ The results are 
summarized in Scheme 36. 
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Scheme 41 
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99 97 98 
Yield (%) of 
Conditions 96 99 97 98 
0°C, 10 min 88 10 0 0 
0。C’ 30 min 70 26 0 0 
22°C, 30 min 26 45 3 20 
22。C’ 60 min 20 51 3 22 
From the results shown above, w e can found that bromine radicals are more 
likely to add to the benzene ring rather than the double bond. At ()"C, only 
/76/ra-bromiiiated 99 was found. Higher temperature only gave a small amount of 
dibromide 97 and tetrabromide 98, which were useful in the next 
dehydrobromination step in our program. The structure of dibromide 99 was 
substantiated by an X-ray crystallographic analysis (Figure 10) and N M R 
spectroscopic d ata. Due to the presence of two bromine atoms, H-2 and H-22 
resonate as a characteristic doublet at 5 7.43-7.45 (J = 8.7 Hz) in the proton N M R spectrum of 99. 
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Figure 10. Molecular structure and atom labeling of 99. Ellipsoids are drawn at the 
30% probability level. 
In addition, we have also examined the reactivity of the double bond in 
1,12-dimethoxytribenzo[a,c,^]cyclooctene (96) towards hydrogenatioii. When 
tribenzocyclooctene 96 was hydrogenated on platinum, an unexpectedly long time 
was needed for a complete reaction. This may be due to the steric factor as shown 
below (Scheme 37). 
Scheme 37 
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The structure of 100 was confirmed by an elemental analysis (Anal. Calcd. for 
. 48 
C22H20O2： c , 83.52; H, 6.37. Found: C, 83.37; H, 6.41) and an X-ray crystallographic 
analysis (Figure 11). 
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Figure 11. Molecular structure and atom labeling of 100. Ellipsoids are drawn at the 
30% probability level. 
W e may conclude that the reactivity of the double bond in 
1,12-dimethoxytribenzo[a,c,e]cyclooctene (96) was highly deactivated due to the 
steric biilkiness of the two adjacent methoxy groups as well as the benzene ring. 
After the success in controlling the addition of bromine to compound 96, 
dehydrobromination reaction was carried out in order to generate the corresponding 
acetylene 101. Isolation of acetylene 101 was found to be impossible and its 
instability was not a surprising result. This can be attributed to its expected planar 
structure, whose neighboring protons on the benzene rings should suffer severe H H 
nonbonded interactions if a planar geometry of the 8-membered ring is attained 
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To overcome this problem, a large excess of furan was "pre-mixed" into the 
solvent system to trap acetylene 101 after its fresh generation 斗口 The overall reaction 
from l,12-dimethoxytribenzo[a,c,g]cyclooctene (96) to endoxides 77 and 102 were 
shown in Scheme 38. 
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The major product was found to be endoxide 77 with 4 2 % yield (from 96 to 77). 
In the proton N M R spectrum of 77, H-1 and H-4 appear as a doublet at 55.64-5.65 (、/ 
. 50 
=0.9 Hz). The absorption at 5 6.59 (J = 0.9 Hz) is attributed to H-2 and H-3. The 
benzenoid protons (H-6, H-8, H-13, H-15) displayed absorptions as a multiplet at 6 
6.79-6.84. A doublet of doublets at 5 6.95-6.98 is assigned to H-10 and H-11. Finally, 
another multiplet due to the absorptions of the two protons (H-9, H-12) overlaps with 
H-7 and H-14 in the region at 5 7.20-7.26. The structure of 77 is also substantiated 
by a high resolution mass spectroscopic study. 
The structure of 102 was confirmed by ^H and ^^C N M R spectral data, 
elemental analysis (Anal. Calcd. for CieHigOsBri： C, 58.02; H, 3.37. Found: C, 58.01; 
H，3.35) and high resolution mass spectroscopy. A characteristic doublet (67.45-7.48, 
J = 8.7 Hz) was shown in the proton N M R of the brominated endoxide 102，which 
belongs to the two protons adjacent to the two bromine atoms. These two protons 
were deshielded by the electron-withdrawing ability of the two bromine atoms at the 
fneta position and therefore resulted in a downfield shift as compared to endoxide 77. 
This characteristic doublet was also found in the proton N M R of dibromide 99 and 
tetrabromide 98 and it should be a general evidence to prove the formalion of 
bromine substituted benzene ring. 
Brominated endoxide 102 could be easily converted back to endoxide 77 by 
using 77-BuLi to perform the lithium-halogen exchange reaction, and then quenched 
with water as the proton source (Scheme 39). 
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With endoxide 77 in hand, ring opening reaction would be performed to restore 
its aromaticity. A literature report demonstrated that an endoxide ring could be 
opened under acid conditions (Scheme 40)产 
Scheme 40 
o 
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Since the structure of phenol 103 is iinsymmetrical, its proton N M R signals are 
quite complicated. The chemical shift of two methoxy protons are found at 5 3.68 
and 3.74, respectively. The phenolic proton resonates at 5 4.88. The benzenoid 
protons absorb at 5 6.74-6.86 (multiplet, 6H), and 7.12-7.26 (imiltiplet, 7H). The 
molecular peak found in its H R M S (FAB) spectrum is 380.1418 (Calcd. lor 
C26H20O3： 380.1407). 
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Fremy's salt salcomine 
According to the literature, the typical reagents for oxidation of phenol to 
qiiinone are Fremy's salt^ ^ and salcomine.We have attempted to apply these two 
reagents to our phenol 103. However, the reaction was not complete within a 
reasonable time. Due to the low solubility and the similar polarities of phenol 103 
and quiiione 104，we found it difficulty to separate 103 and 104 by column 
chromatography. Since phenol 103 would not affect the reduction reaction from 
qiiinone 104 to hydroquinone 76，we directly reduced the crude products with zinc 
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powder under an acidic condition.^^ The yields reported here are only reacted yields 
for two steps (Scheme 41). 
In the proton N M R spectrum of 76, the absorption of two phenolic protons was 
found at 6 4.56 while using CD2CI2 as solvent. The detailed discussion on the 
splitting of the aromatic protons of 76 will be discussed together with its derivatives, 
namely 72 and 107. 
Since this scheme was quite complicated that involved oxidation and reduction, 
we have tried to use 2-substituted fiiran instead of liiran as diene to trap acetylene 
101 55,59 Hydroqiiinone would then be obtained directly alter ring opening reaction.''^ 
This route is shown in Scheme 42. 
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However, 2-methoxyfuran was found to decompose rapidly when the basic 
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condition employed. Thus, formation of endoxide 105 by this method was 
impossible. 
1,4-Dihydroxy-5,16-dimethoxytetraphenylene (76) could be deprotected by 
BB1-3 to afford 1,4,5,16-tetrahydroxytetraphenylene (72) in good yield. 
Furthermore, the free hydroxyl groups on 76 could also be protected by dimethyl 
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As expected, tetramethoxytetraphenylene 107 is a highly stable compound with 
a high and sharp melting point (m.p. 2()4''C). However, tetrahydroxytetraphenylene 
72 is relatively quke unstable when it was exposed without protection from air and 
light. 
The splitting pattern showed in the proton N M R of these three tetraphenylene 
. 55 
derivatives, namely 72, 76 and 107 are nearly the same at the downfield region (5 
6.7-7.4). However, w e can still easily identify them by the number of methoxy 
signals at about 6 3.7 in the spectrum. In Figure 13, the downfield region in the 
proton N M R spectrum of tetramethoxytetraphenylene 107 with full characterization 
is shown. 
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Figure 13. The proton N M R spectrum of 107 with full characterization in aromalic 
region. 
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VL Go门elusion 
In summary, the synthesis of 1,4,5,16-tetrahydroxytetraphenylene (72), through 
l,4-endoxo_l，4-dihydro_8，ll-dimethoxytribeiizo[fl，c，6^]cydooctene (78) as the 
intermediate, was accomplished in 15 steps and the total yield was found to be 3%. 
Also, the corresponding 1,4,5,16-tetramethoxytetraphenylene (107) was also 
synthesized. -
It is noteworthy that single crystals of 
5,6-didehydro-l,l()-dimethoxydibenzo[a,g]cyclooctene (93) were obtained. An X-ray 
crystallographic analysis showed that the bond length of its triple bond is 1.193A, 
mid the bond angle of this bent triple bond is 154.74^ Furthermore, the reactivity of 
the double bond of l,12-dimethoxytribenzo[t/,c,^]cyclooctene (96) was found to be 
quite low, which may be due to the steric reason because of the shielding effect. 
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VII. Experimental 
General Information 
All reagents and solvents were reagent grade. Further purification and drying by 
standard method^^ were employed when necessary. All evaporations of organic 
solvents were carried out with a rotary evaporator in conjunction with a water 
aspirator. The plates used for thin-layer chromatography (TLC) were E. Merck silica 
gel 6()F254 (0.25 m m thickness) precoated on aluminum plates, and they were 
visualized under both long (365 nm) and short (254 nm) U V light. Compounds on 
T L C plates were visualized w k h a spray of 5 % dodecamolybdophosphoric acid in 
ethanol and with subsequent heating. Column chromatography was performed using 
E. Merck silica gel (230-400 mesh). 
Melting points were measured on a Reichert Microscope apparatus and were 
uncorrected. N M R spectra were recorded on a Bruker M H z DPX-3()() spectromeier 
(300.13 M H z for ^ H and 75.47 M H z for ^ ^C). All N M R measurements were carried 
out at room temperature in deuterated chloroform solution unless otherwise stated. 
Chemical shifts are reported as parts per million (ppm) in 5 units on the scale 
downfield from tetramethylsilane (TMS) or relative to the resonance of chloroform 
solvent (7.26 ppm in the ^H, 77.0 ppm for the central line of the triplet in the '^C 
. ： 5 8 
modes, respectively). Coupling constants (J) are reported in hertz (Hz). Splitting 
pattern are described as "s" (singlet); "d" (doublet);"!" (triplet); “q，，(quartet); “m，’ 
(multiplet). 1h N M R data are reported in this order: chemical shifts; multiplicity; 
coupling constant(s), number(s) of proton. Mass spectra (MS and H R M S ) were 
obtained with a Thermofinnigan M A T 9 5 X L spectrometer, and recorded at an 
ionization energy of 7()eV unless otherwise stated. In all case, signals are reported as 
m/z. Elemental analyses were performed at Shanghai Institute of Organic Chemistry, 




To a vigorously stirred solution of 1,8-dihydroxyaiithraqiunone (75) (20.0 g, 83 
mmol) in acetone (500 ml) was added K2CO3 (15 g). Then the mixture was heated to 
reflux and dimethyl sulfate (23 m L , 250 mmol) was added through a dropping funnel 
ill 1 hour. The mixture was refluxed for a further 12 hours. After cooling to room 
temperature, the residue was filtered off and washed with acetone (2 x 20 mL). The 
combined organic solvent was evaporated under reduced pressure. The residue was 
chromatographed on silica gel (500 g, hexanes:EtOAc 3:1) to afford 
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1,8-dimethoxyanthraquinone (83) (21.Ig, 92%) as yellow solids: mp 223-224°C (li严 
223-235°C); 1h N M R (CDCI3) 5 4.00 (s, 6H), 7.28-7.31 (dd，J = 8.4 Hz, 0.6 Hz, 2H), 
7.60-7.65 (dd, J = 8.0 Hz, 8.0 Hz, 2H)，7.81-7.83 (dd, J = 7.8 Hz, 1.2 Hz, 2H); "C 
N M R (CDCI3) 6 56.50, 118.04，118.89, 124.01, 133.86, 134.74, 159.42, 182.88, 
184.03. 
Method Br” 
To a vigorously stirred solution of 1,8-dihydroxyanthraquinone (75) (20.0 g, 83 
mmol) in CH2CI2 (800 mL) was added a solution of 0.4 N N a O H (800 mL) and 
tetraethylammoniiim bromide (6.0 g). Alter stirring for 1 minute, dimethyl sulfate 
(23 mL, 250 mmol) was added and the mixture was stirred for 4 hours. Alter layer 
separation, the organic layer was washed with 2 N NH4OH (50 mL) and brine (50 
mL)，then dried over MgSCU. The solution was evaporated under reduced pressure to 
give a residue, which was chromatographed on silica gel (500 g, hexanes:EtOAc 3:1) 
to' afford 1,8-dimethoxyanthraqiimone (83) (21.9g, 95%). The physical and 
spectroscopic data are identical to those of an authentic sample prepared previously. 
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1,8-Dimethoxyanthracene (84) 
Method 
To a 10% N a O H solution (300 m L ) of 1,8-dimethoxyaiithraquinone (83) (20.0 g, 
74.6 mmol) was added zinc powder (25.0 g, 382 mmol). The mixture was stirred and 
heated for 24 hours, and then the reaction mixture was filtered and the filtered cake 
was washed with CH2CI2 (5 x 300 mL). The organic extracts were combined and 
evaporated. The residue was chromatographed on silica gel (lOOO g, hexanes:EtOAc 
9:1) to give 1,8-dimethoxyanthracene (84) (14.2 g, 80%) as yellow needles: m p 
198-199。C (lit64 199-200。C);】H N M R (CDCI3) 5 4.09 (s, 6H), 6.73-6.75 (d, J = 7.5 
Hz, 2H)，7.37-7.42 (dd, 7=8.1 Hz, 8.1 Hz, 2H), 7.58-7.60 (d, J = 8.7 Hz, 2H)，8.34 
(s, IH), 9.28 (s, IH); 13c N M R (CDCI3) 6 55.44, 101.51, 115.68，120.16, 124.42， 
125.10, 125.60, 132.87, 155.89. 
Method 
To a vigorously stirred suspension of lithium aluminum hydride (71 mg, 1.9 
mmol) ill anhydrous T H F (3 m L ) was add a solution of 1,8-dimethoxyanthracjuinone 
(83) (1 g, 3.7 mmol) in anhydrous T H F (6 m L ) at ifC under N2. The mixture was 
stirred for 30 minutes and then quenched with SnClz(2.1 g, 11 mmol) in IN HCl (4 
mL). The residue was filtered off and the filtrate was extracted with CH2CI2 (3 X 10 
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inL). The combined organic layer was dried over anhydrous M g S C U and evaporated 
under reduced pressure. The residue was chromatographed on silica gel (100 g, 
hexanesiEtOAc 9:1) to give 1,8-dimethoxyanthracene (84) (14.2 g, 85%). The 




A mixture of 1,8-dimethoxyanthracene (84) (10.0 g, 42.0 mmol) and dimethyl 
acetylenedicarboxylate (8.9 g, 63.0 mmol) in toluene (25 m L ) was relluxed with 
stirring for 12 hours. The reaction mixture was cooled with an ice water bath and 
filtered by suction. The filtered cake was washed with ice cooled absolute ethanol (3 
X 5 niL), and dried at room temperature to give the crude product (13.9 g, 87%). 
Recrystallization from absolute ethanol afforded dimethyl 
9,r()-dihydro-9,lO-etheno-1,8-dimethoxyanthracene-11,12-dicarboxylate (86) (12.8 g, 
80%) as white solids: m p 263-265°C (lit^ ^ 263-264°C); ^ H N M R (CDCI3) 6 3.77 (s, 
3H), 3.80 (s, 3H), 3.85 (s, 6H), 5.49 (s, IH), 6.36 (s, IH), 6.60-6.62 (dd, 7 = 8.1 Hz, 
0.6 Hz, 2H)，6.93-6.98 (dd, J = 7.8 Hz, 7.8 Hz, 2H), 7.()l-7.()4 (d，J = 6.9 Hz, 2H); 
" C N M R (CDCI3) 5 39.57，52.29, 52.32，52.53, 55.93，109.04, 116.64, 126.19, 
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131.42，146.73，147.03，148.47，154.65，165.75, 166.34. Anal. Calcd. for C22H20O6： 
C, 69.46; H , 5.30. Found: C, 69.18; H , 5.42. 
9,l()-Dihydro-9,l()-etheno-l,8-dimethoxyanthracene-ll,12-dicarboxylic acid 
(87尸 
To a stirred solution of N a O H (15.0 g, 380 mmol) in 4 0 % aqueous methanol 
(3()() m L ) was added dimethyl 
9，1 ()-dihydro-9,10-etheno-1,8-dimethoxyanthracene-11,12-dicarboxylate (86) (1 ().() g， 
26.3 mmol). The mixture was allowed to reiliix for 4 hours, and then cooled to room 
temperature. The reaction mixture was acidified with 3 6 % HCl to pW 2 and filtered 
with suction filtration. The residue was recrystallized from absolute ethanol to give 
9,1 ()-dihydro-9,10-etheno-1,8-dimethoxyanthracene-11,12-dicarboxylic acid (87) 
(8.1 g, 92%), which was not purified further and was used in the subsequent siep. 
1,8-Dimethoxybarrelene (80严 
丁(） a vigorously stirred solution of 
9,1 {)-dihydro-9,10-etheno-1,8-dimethoxyanthracene-11,12-dicarb()xylic acid (87) 
(10.0 g, 29.8 mmol) in qiiinoline (250 m L ) was added copper powder (9.4 g, 142.0 
mmol). The reaction mixture was relluxed for 3 hours under N2. After cooling to 
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room temperature, CH2CI2 (250 m L ) was added to the mixture and the residue was 
then filtered. The filtrate was washed with IN HCl (4 x 200 m L ) and dried over 
MgS04. Alter evaporation of the solvent, the residue was column chromatographed 
oil silica gel (600 g, hexanesiEtOAc 10:1) to afford 1,8-dimethoxybarrelcne (80) 
(4.1 g, 52%) as colorless crystals: m p 210-211°C (lit^'^  211-212°C); 'H N M R (CDCIO 
S 3.87 (s, 6H), 5.17-5.19 (dd,7 = 5.4 Hz, 1.5 Hz, IH), 6.10-6.13 (dd, J = 5.4 Hz, 1.8 
Hz, IH), 6.58-6.61 (dd, J = 7.8 Hz, 0.9 Hz, 2H), 6.91-7.06 (m, 6H); '^C N M R 
(CDCI3) 5 37.39，51.56, 55.83’ 108.19, 116.12，125.10, 133.79, 139.70, 140.27， 
149.10, 154.01. Anal. Calcd. for C18H16O2： C, 81.79; H，6.10. Found: C，81.84; H， 
6.17. 
l,l()-Dimethoxydibenzo[a,^]cyclooctene (79产飞 
A solution of 1,8-dimethoxybarrelene (80) (1.0 g, 3.79 mmol) in degassed 
anhydrous T H F (500 m L ) was irradiated with a mercury lamp (125 W medium 
pressure) at room temperature for 3 hours under a nitrogen atmosphere. Alter 
evaporation of the solvent, chromatography on silica gel (lOO g, hexancs:ElOAc 7:1) 
afforded l，l()-dimethoxydibeiizo["’咖yclooctene (79) (0.95 g, 95%) as colorless 
crystals: m p 2()7-208°C; N M R (CDCI3) 5 3.78 (s, 6H), 6.65-6.70 (m. 4H), 6.73 (s, 
2H)，6.74 (s, 2H) 7.11-7.16 (dd, 7=8.0 Hz, 8.0 Hz, 2H); ''C N M R (CDCI3) 5 55.54. 
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108.53，121.06，126.51, 127.81，129.23，132.95, 138.50，157.33. Anal. Calcd. lor 
C18H16O2： C, 81.79; H, 6.10. Found: C, 81.93; H, 6.16. 
5,6-Dibromo-5,6-dihydro-l,10-dimethoxydibenzo[fl,^]cydooctene (88); 
ll,12-dibromo-ll,12-dihydro-l,10-dimethoxydibenzo[fl,^]cydooctene (89) 
To a suspension of l,8-dimethoxydibenzo[«,e]cyclooctene (79) (0.60 g, 2.3 
mmol) ill anhydrous CCI4 (50 m L ) was added slowly a solution of bromine (0.36 g’ 
2.3 mmol) in anhydrous CCI4 (10 m L ) through a dropping funnel within 2 hours at 
(PC under N2. After addition, the temperature was slowly allow to rise lo room 
temperature and the mixture was stirred for an additional 30 minutes. The reaction 
was quenched by addition of 10% NaaSzO; (3 mL). The mixture was extracted with 
CH2CI2 (2 X 10 mL), and the combined organic extract was dried over M g S C U and 
evaporated under reduced pressure to give a mixture of 
5,6-dibromo-5,6-dihydro-lJ0-dimethoxydibenzo[a,^]cyclooctene (88) and 
11,12-dibromo-11,12-dihydro-1,1 ()-dimethoxydibenzo[a,^jcyclooctene (89) as white 
solids. These compounds were not purified further and were used immediately in the 
next step. 
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ll,12-Didehydro-l,10-dimethoxydibenzo[fl,^]cyclooctene (93); 
5-^^/t-butoxy-l,l()-dimethoxydibenzo[a,c]cyclooctene (94) 
To a solution of freshly sublimed KO-r-Bii (0.38 g 3.4 mmol) in anhydrous T H F 
(25 m L ) under N2 was added slowly a solution of the previously prepared dibromides 
88 and 89 (0.5 g, 1.2 mmol) {vide supra) in anhydrous T H F (20 m L ) within 3 
minutes at room temperature. Alter the solution was stirred for 6 hours, IN HCl (5 
m L ) and brine (5 m L ) were added. The organic layer was separated and dried over 
MgS04. Alter evaporation of the solvent, the residue was column chromatographed 
oil aluminum oxide (grade III) (20 g, hexanesiEtOAc 50:1) lo alTord 
5,6-didehydro-1, l()-dimethoxydibenzo[fl,e]cyclooctene (93) (().()6g, 18%) and 
5-ten-hutoxy-1, l()-dimethoxydibenzoc[fl,c]cyclooctene (94) (0.16 g, 40%). 
Data of (93): rap 92°C (dec); ^H N M R (CDCI3) 5 3.73 (s, 6H), 5.44 (s, 2H), 
6.29-6.31 (d, J = 7.8 Hz, 2H), 6.44-6.47 (d, J = 8.7 Hz, 2H), 6.80-6.85 (dd，7 = 8.1 
Hz, 8.1 Hz, 2H); 13c N M R (CDCI3) 5 55.75’ 108.83, 112.54, 127.84，128.84，130.02, 
131.91，147.43，155.88; M S ink 262 (M+). H R M S (EI) Calcd for CisHmO〗:262.0988. 
Found: 262.0990. Crystallization from T H F at room temperature gave colorless 
crystals，which is sufficient for X-ray crystallographic analysis. 
Data of (94): m p 198-199。C; ^ H N M R (CDCI3) 6 1.20 (s, 9H), 3.77 (s, 6H), 6.37 (s, 
IH)，6.61-6.86 (m, 5H), 6.98-7.00 (d, J =7.8 Hz, IH), 7.07-7.16 (m, 2H); ^ 'c N M R 
. 6 6 
(CDCI3) 5 29.15, 55.54, 78.38, 108.12，109.26, 120.16，121.77，126.07, 126.62, 
127.58, 127.84，128.86, 130.25, 137.62, 140.02, 151.80, 156.67，157.26. M S m/z 279 




To a solution of freshly sublimed KO-^-Bu ({).76g 6.8 mmol) in anhydrous T H F 
(40 m L ) and furan (20 m L ) under N2 was added slowly a solution of previously 
prepared dibromides 88 and 89 (1.0 g, 2.3 mmol) {vide supra) in anhydrous T H F (40 
m L ) and furan (20 m L ) within 3 minutes. After the solution was stirred for 1 min， 
brine (15 m L ) was added. The organic layer was separated and dried over MgSOj， 
and the filtrate was then stirred for further 48 hours under N2. The solvent was 
evaporated under reduced pressure and the residue was separated by Hash column 
chromatography 011 silica gel (30 g, hexanes:EtOAc 3:1) to give 
l’4-endoxo-l，4-diliydro-8，ll-dimethoxytribenzo[",c’(,]cydooctene (78) (0.26 g. 
35%), l,4-endoxo-l,4-dihydro-5,14-dimethoxytribenzo[>/,c,6']cyclooctene (95) (0.07 
g’ 9 % ) and 5-fer?-butoxy-l,l()-dimethoxydibenzoc|t/.c]cyclooctene (94) (0.08 g. 
10%). 
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Data of (78): m p 150-151°C; ^ H N M R (CDCI3) 5 3.80 (s, 6H), 5.44-5.45 (m，2H), 
6.34-6.37 (dd, J = 7.8 Hz, 0.9 Hz, 2H), 6.62 (s, 2H)，6.69-6.72 (dd, J = 7.8 Hz, 8.1 
Hz, 2H), 7.14-7.20 (dd, J = 8.0 Hz, J = 8.0 Hz, 2H)，7.40 (s, 2H); ''C N M R (CDCI3) 
5 55.59，87.87, 109.18, 114.83’ 126.37，128.25，129.93，136.36，142.46, 151.50, 
157.76. M S miz 330 (M+). H R M S (EI) Calcd for C22H18O3： 330.1250. Found: 
330.1250. Crystallization from 20 % EtOAc in CH2CI2 at room temperature gave 
colorless crystals, which is sufficient for X-ray crystallographic analysis. 
Data of (95): m p 145-146。C; ^ H N M R (CDCI3) 5 3.75 (s，6H), 5.40-5.41 (m，2H), 
6.41 (s, 2H), 6.63-6.66 (dd, 8.1 Hz, 0.6 Hz, 2H)，6.68-6.71 (dd, J = 7.8 Hz，0.9 
Hz, 2H), 7.11-7.16 (dd, J = 7.4 Hz, 7.4 Hz, 2H), 7.16 (s, 2H); ''C N M R (CDCI3) 5 
55.24，87.38, 108.86, 122.02，124.21, 128.21, 133.39, 138.63, 142.54, 152.44, 158.03. 
M S mJz 330 (M+). H R M S (EI) Calcd for C22H18O3： 330.1250. Found: 330.1247. 
Data of (94): The physical and spectroscopic data are identical to those ol' an 
authentic sample prepared previously. 
l,12-Dimethoxytribenzo[a,c,e]cydooctene (96) 
Anhydrous T H F (6 m L ) was added to titanium(IV) chloride (1.0 m L , 9.1 mmol) 
dropwise under N2 with stirring at ()"C. Zinc powder (0.80 g, 12 mmol) was added, 
and was followed by triethylamine (0.30 m L , 2.2 mmol). After reHuxing for 30 
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minutes， a suspension of 
l,4-endoxo-l,4-dihydro-8/ll-dimethoxytribenzo[fl,c,6']cyclooctene (78) (0.50 g, 1.5 
mmol) in anhydrous T H F (30 m L ) was added dropwise to the low-valent-titanium 
solution. The reaction mixture was then stirred at refluxing temperature for 20 hours. 
Sat. K2CO3 (5 m L ) was added, and was followed by extraction with CH2CI2 (3 x 20 
mL). The combined organic layer was dried over anhydrous M g S C U and evaporated. 
Chromatography on a column of silica gel (25 g, hexanesiEtOAc 10:1) gave 
1,12-dimethoxytribenzo|a,c,e]cyclooctene (96) (0.43 g 90%) as colorless crystals: 
m p 212-213°C; ^ H N M R (CDCI3) 6 3.80 (s, 6H), 6.73 (s, 2H), 6.74-6.77 (del, J = 8.4 
Hz, 0.9 Hz, 2H), 6.77-6.81 (dd, J = 7.5 Hz, 0.9 Hz, 2H), 7.14-7.19 (m, 4H)， 
7.36-7.39 (dd, J = 5.7 Hz, 3.6 Hz, 2H); ^ 'C N M R (CDCI3) 6 55.66, 109.03, 122.12， 
126.57，127.09，127.91, 128.88，129.70, 141.89，143.03，156.33; M S miz 314 (IVf). 
H R M S (EI) Calcd for C22H18O2： 314.1301. Found: 314.1305; Anal. Calcd. for 
C22H18O2： C，84.05; H , 5.77. Found: C, 84.28; H, 5.82. 
4,9-Dibromo-l,12-dimethoxytribenzo[a,c,^]cycIooctene (99) 
To a solution of l，12-dimethoxytribenzo|"，c,ejcyclooctene (96) (60 mg, 0.19 
mmol) in CH2CI2 (8 m L ) was added KBr (50 mg, 0.42 mmol) and a solution of C A N 
(0.24 mg, 0.44 mmol) in water (8 m L ) at ()"C and stirred for 30 minutes. After that 
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the organic layer was extracted with CH2CI2 (2 x 10 mL). The combined organic 
layer was dried over anhydrous M g S 0 4 and evaporated. Chromatography on a 
column of silica gel (4 g, hexanesiEtOAc 5:1) afforded 
4,9-dibromo-1,12-dimethoxytribenzo[a,,c,e]cycloocteiie (99) (23 mg, 26%) as 
colorless crystals: m p 222-224。C; N M R (CDCI3) 5 3.77 (s, 6H), 6.60-6.63 (d, J = 
8.7 Hz, 2H)，6.65 (s，2H)，7.15-7.18 (dd,7=5.7 Hz, 3.3 Hz, 2H)，7.34-7.41 (dd, J = 
5.7 Hz, 3.3 Hz, 2H), 7.43-7.45 (d，J = 8.7 Hz, 2H) ； I'C N M R (CDCI3) 5 55.83， 
110.77，113.86, 127.02, 128.13，129.27，130.21, 132.09，140.44’ 141.68, 155.63; M S 
m/z 474 (M+ + 4)，472 (M+ + 2), 470 (M+). H R M S (EI) Calcd. for CzaHisOzBr: 
469.9512. Found: 469.9506. Crystallization from 10 % EtOAc in CH2CI2 at room 
temperature gave colorless single crystals, which were good for an X-ray 
crystallo graphic analysis. 
13,14-Dihydro-l,12-dimethoxytribenzo[a,c,e]cyclooctene (100) 
A mixture of 1,12-dimethoxytribeiizo["，c，e]cyclooctene (96) (60 mg, 0.19 mmol) 
and 10 % Pd-C (10 mg) in a mixture of CH2CI2 (30 m L ) and E t O H (30 m L ) was 
hydrogenated at room temperature for 48 hours. The catalyst was then removed by 
filtration and the organic solution was evaporated under reduced pressure. The 
residue was purified by column chromatography on a silica gel column (6 g, 
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hexanes:EtOAc 12:1) to give 
13,14-dihydro-1,12-dimethoxytribenzo[a,c,g]cyclooctene (100) (57 mg, 95 % ) as 
colorless crystals: m p 192-193°C; ^ H N M R (CDCI3) 5 2.55-2.62 (m, 2H), 3.38-3.45 
(m，2H), 3.75 (s, 6H), 6.64-6.67 (dd，J = 7.5 Hz, 1.2 Hz, 2H), 6.68-6.71 (dd, 7 = 8.1 
Hz, 1.2 Hz, 2H), 7.00-7.05 (dd, J = 8.0 Hz, 8.0 Hz, 2H), 7.22-7.25 (dd, J = 5.7 Hz, 
3.3 Hz, 2H), 7.37-7.40 (dd, J = 5.7 Hz, 3.3 Hz, 2H); ^'C N M R (CDCI3) 6 24.69, 
55.81, 109.59，122.33，125.94, 127.13, 128.30，129.01，142.10, 143.21, 156.93; M S 
m/z 316 (M+). H R M S (FAB) Calcd. for C22H20O23I6.I458. Found: 316.1454; Anal. 
Calcd. for C22H20O2： C, 83.52; H , 6.37. Found: C, 83.37; H , 6.41. Crystallization 
from 5 % hexane in CH2CI2 at room temperature gave colorless single crystals, 




To a suspension of 1,12-dimethoxytribenzo[fl,c,g]cyclooctene (96) (0.25 g, 0.81 
mmol) in anhydrous CCI4 (47 m L ) was added bromine (0.26 g 3.2 mmol). The 
mixture was stirred and refluxed for 6 hours, and then cooled to room temperature. 
The reaction was quenched by addition of 10% NaiSiOs (3 mL), and extracted with 
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CH2CI2 (2 X 10 mL). The combined organic extract was dried over M g S C U and 
evaporated under reduced pressure to give 
13,14-dibromo-13，14-dihydro-l，12-dimethoxytribenzo[fl’c’水 ydooctene (97) and 
4,9，13’ 14-tetrabromo-13,14-dihydro-1，12-dimethoxytribenzo[«,c,^]cyclooctene (98) 
as white solids. These compounds were not purified further and were used 




To a solution of freshly sublimed KO-r-Bu (0.48 g 4.3 mmol) in anhydrous T H F 
(15 m L ) and furan (15 m L ) under N2 was added dropwise a solution of the 
previously prepared dibromides 97 and 98 {vide supra) in anhydrous T H F (25 m L ) 
and furan (12 m L ) within 60 minutes. After the solution was stirred for 3 hours, 0.5 
N HCl (10 m L ) was added. The mixture was extracted with CH2CI2 (3 x 20 mL). The 
combined organic extract was washed with brine (10 mL), dried over MgSCU，and 
evaporated under reduced pressure. The residue was chromatographed on a column 
of silica gel (30 g, hexanes:EtOAc 3:1) to give 
l,4-endoxo-l,4-dihydro-5J6-dimethoxytetrabenzo[a,c,e,^]cyclooctene ( 7 7 ) ( 0 . 1 3 g , 
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42%) and 8,13-dibromo-l,4-endoxo-l,4-dihydro-5,16-
dimethoxytetrabenzo[(7,,c,^,^]cyclooctene (102) (0.02 g, 5%). 
Data of (77): m p 251-253。C; ^ H N M R (CDCI3) 6 3.87 (s, 6H), 5.64-5.65 (d, J = 0.9 
Hz, 2H), 6.59-6.59 (d，J = 0.9 Hz, 2H), 6.79-6.84 (m，4H), 6.95-6.98 (dd, J = 5.7 Hz, 
3.3 Hz, 2H), 7.20-2.26 (m，4H); ^ 'C N M R (CDCI3) 5 55.68, 85.54’ 109.28, 122.14， 
123.08，126.6，128.84, 130.65, 140.77，143.26, 144.01, 151.59, 157.16; M S m/z 381 
(M+ + 1)，380 (M+). H R M S (FAB) Calcd. for C26H21O3: 381.1485. Found: 381.1483. 
Data of (102): m p 254-255°C; ^ H N M R (CDCI3) 5 3.83 (s, 6H), 5.59-5.60 (d, J= 1.2 
Hz, 2H), 6.45-6.46 (d，J = 0.6 Hz, 2H), 6.66-6.69 (d，J = 8.7 Hz, 2H), 6.95-6.98 (dd, 
J = 5.7 Hz, 3.3 Hz, 2H), 7.24-7.27 (dd, J = 5.7 Hz, 3.3 Hz, 2H)，7.45-7.48 (d, J = 8.7 
Hz, 2H); 13c N M R (CDCI3) 5 55.88，85.17, 110.99, 113.89, 124.63, 126.66, 130.94, 
132.88，139.28，141.83，143.12，152.15, 156.49; M S ink 540 (M+ + 4)，538 (M+ + 2)， 
536 (M+). H R M S (EI) Calcd. for CzsHisC^Brz: 535.9617. Found: 535.9621; Anal. 
Calcd. for CzeHigOsBri： C, 58.02; H , 3.37. Found: C, 58.01; H , 3.35. 
l,4-Endoxo-l,4-dihydro-5,16-dimethoxytetrabenzo[a,c,^,g]cyclooctene (77) 
To a vigorously stirred solution of 8,13-dibromo-1,4-endoxo-1,4-dihydro-5,16-
dimethoxytetrabenzo[fl,c,^,^]cyclooctene (102) (20 m g 0.037 mmol) in T H F (4 m L ) 
at -78"C, 1.6 M /?-BiiLi (0.1 m L ) in hexane was added. The mixture was stirred 
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at —78。C for 4 hours and the temperature was then allowed to slowly rise to ()。C. The 
reaction was quenched by addition of brine (3 mL), and extracted with CH2CI2 (2 x 6 
mL). The combined organic extract was dried over MgSCU and evaporated under 
reduced pressure to give 1,4-endoxo-1,4-dihydro-5,16-
dimethoxytetrabenzo[a,c,e,^]cyclooctene (77) (11 mg, 80 %). The physical and 
spectroscopic data are identical to those of an authentic sample prepared previously. 
1 -Hydroxy-5,16-dimethoxytetrabenzo[acyclooctene (103) 
A mixture of 1,4-endoxo-1,4-dihydro-5,16-
dimethoxytetrabenzo[fl,c,e,^]cyclooctene (77) (O.IO g 0.26 mmol) and 36% HCl (0.5 
mL) in MeOH (30 mL) was refluxed with stirring for 4 hours. Alter cooling to room 
temperature, the reaction was quenched by addition of brine (15 mL), and extracted 
with CH2CI2 (3 X 20 mL). The combined organic extract was dried over MgSCUand 
evaporated under reduced pressure. The residue was separated by flash column 
chromatography on silica gel (10 g， hexaiies:EtOAc 3:1) to give 
i-hydroxy-5,16-dimethoxytetrabenzo[(7,c,^,^]cyclooctene (103) (0.09 g 90%) as 
white solids: mp 284-285。C; ^H NMR (CDCI3) 5 3.68 (s, 3H), 3.74 (s, 3H), 4.88 (s, 
IH)，6.73-6.75 (dd,7 = 2.7 Hz, 1.2 Hz, IH), 6.76-6.77 (dd, J = 2.7 Hz, 0.9 Hz, IH), 
6.78-6.81 (dd, J = 8.1 Hz, 1.2 Hz, IH), 6.84 (s, IH), 6.86-6.86 (d, J 二 0.9 Hz, IH), 
• 7 4 
6.88-6.91 (dd, J = 8.4 Hz, 0.9 Hz, IH), 7.10-7.17 (m, 3H), 7.19-7.29 (m，4H) ； " C 
N M R (CDCI3) 6 56.19, 56.46, 110.92, 114.15, 121.53, 122.58, 122.75, 123.84， 
124.04，127.11，127.32, 127.77，127.92’ 128.00, 128.04，128.32，129.14, 130.18, 
138.54，140.75，141.15，143.12，144.98，152.46, 155.88, 156.06. M S m/e 381 (M+ + 
1), 380 (M+). H R M S (FAB) Calcd. for C26H20O3: 380.1407. Found: 380.1418. 
Potassium nitrosodisulfonate (Fremy's salt);。 
To a vigorously stirred solution of sodium nitrite (5 M , 10 m L ) and chopped ice 
(20 g) in an ice water bath, fresh prepared aqueous sodium bisulfite solution (3.4 M , 
10 m L ) and acetic acid (2 m L ) were added. The mixture was stirred for 5 minutes 
and conc. ammonia solution (2.5 m L ) was added. After 1 minute, ice-cold potassium 
permanganate (0.2 M , 40 m L ) was added dropwise with stirring during 15 minutes. 
The precipitate was removed by gravity filtration, and a portion of the filtrate (5-10 
m L ) was treated with an equal volume of saturated potassium chloride solution to 
precipitate some Fremy's salt for seeding of the main batch. Saturated potassium 
chloride solution (25 m L ) was added dropwise to the bulk of the filtrate over a period 
of 10 minutes. Small portions of the previously prepared suspension were added 
I'rom time to time during this period until the solid persisted in the bulk solution. 
Precipitation was completed by stirring the bulk solution with cooling in an ice bath 
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for a further 1 hour. The orange solid was collected on a Biichner funnel and washed 
consecutively with potassium chloride solution (5 mL), methanol (5 m L ) and acetone 
(5 mL). The solid was spread on a watch glass and allowed to dry for 15 minutes to 
give potassium nitrosodisulfonate (3.6 g, 80%) as orange solids. 
l,4-Dihydroxy-5,16-dimethoxytetrabenzo[a,c,^,g]cycIooctene (76) 
Method A: 
To a vigorously stirred solution of 
l-hydroxy-5,16-dimethoxytetrabenzo[(7,c,^,^]cyclooctene (103) (50 m g 0.13 mmol) 
ill acetone (6 m L ) was added a buffer solution (NazHPOq, NaHzPC^，/?H=5.8, 6 m L ) 
of Fremy's salt (174 mg, 0.65 mmol). The resulting mixture was vigorously stirred 
for 6 hours. The mixture was extracted with CH2CI2 (3x10 mL), The combined 
organic extract was dried over M g S 0 4 and evaporated under reduced pressure to give 
l，4-dioxo-5，16- dimethoxytetrabenzo["’c，g客]cyclooctene (104). 
. A mixture of l，4-dioxo-5，16-diiTiethoxytetrabenzo["’c’G幻cyclooctene (104) 
(yide supra) and zinc powder (60 mg, 0.92 mmol) in acetic acid : water (2:1) solution 
(8 m L ) was refluxed with stirring for 1 hour. The mixture was extracted with CH2CI2 
(3 X 15 mL). The combined organic extract was dried over M g S 0 4 and evaporated 
under reduced pressure. The residue was purified by Hash column chromatography 
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on silica gel (8 g, hexanes:EtOAc 1:1) to give 
l,4-dihydroxy-5,16-dimethoxytetrabenzo[a,c,e,^]cyclooctene (76) (17 mg, 82 % 
(reacted yield)) as white solids: m p 241-242°C; ^ H N M R (CD2CI2) 5 3.77 (s, 6H), 
4.56 (s，2H), 6.70 (s, 2H), 6.81-6.84 (dd, J = 7.5 Hz, 0.9 Hz, 2H) 6.93-6.65 (dd, J = 
7.5 Hz, 0.9 Hz, 2H), 7.16-7.18 (dd, J = 5.7 Hz, 2.4 Hz, 2H) 7.28-7.33 (m, 4H) ； " c 
N M R (CD2CI2) 5 56.90，111.33，116.24’ 123.05, 125.52, 128.02, 128.56, 129.37, 
129.75，141.34，145.01，147.05，156.53. M S m/e 396 (M+). H R M S (EI) Calcd. for 
C26H20O4： 396.1356. Found 396.1353. 
Method B: 
A mixture of l-hydroxy-5,16-dimethoxytetrabenzo[^?,c,e,<^^]cyclooctene (103) 
(50 m g 0.13 mmol) and salcomine (22 mg, 0.064 mmol) in anhydrous T H F (10 m L ) 
was vigorously stirred under an oxygen atmosphere for 24 hours. The mixture was 
then concentrated under reduced pressure and passed through a small bed of Florisil 
using CH2CI2 as the eliient. The eliited solution was concentrated to give 
l,4-dioxo-5,16-dimethoxytetrabenzo[a,c,g,^]cycloocteiie (104). 
A mixture of l，4-dioxo-5，16-dimethoxytetrabenzo[fl，c，e，溶]cydooctene (104) 
(yide supra) and zinc powder (60 mg, 0.92 mmol) in acetic acid : water (2:1) solution 
(8 m L ) was refluxed with stirring for 1 hour. The mixture was extracted with CH2CI2 
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(3 X 15 mL). The combined organic extract was dried over M g S 0 4 and evaporated 
under reduced pressure. The residue was purified by flash column chromatography 
on silica gel (8 g, hexanes:EtOAc 1:1) to give 
l,4-dihydroxy-5,16-dimethoxytetrabenzo[a,c,^',^]cyclooctene (76) (21 mg, 78 % 
(reacted yield)) as white solids. The physical and spectroscopic data are identical to 
those of an authentic sample prepared previously. 
1,4,5,16-Tetrahydroxytetraphenylene (72) 
To a vigorously stirred solution of 
l，4-dihydroxy-5，16-dimethoxytetrabeiizo[a，c’£?,左]cycloocteiie (76) ( 1 0 m g 0.025 
mmol) in CH2CI2 (4 m L ) at 0"C was added 0.1 m M BBr, (0.5 m L ) in CH2CI2 slowly. 
The mixture was stirred for 8 hours at (fC and after that the temperature was allowed 
to slowly rise to room temperature. The reaction was quenched by addition of brine 
(2 mL), and extracted with CH2CI2 ( 2 x 5 mL). The combined organic extract was 
dried over M g S 0 4 and evaporated under reduced pressure. The residue was separated 
by Hash column chromatography on silica gel (4 g, hexanesiEtOAc 1:2) to give 
1,4,5,16-tetrahydroxytetraphenylene (72) (8.3 mg, 90%) as white solids: m p 135°C 
(dec); 1h N M R (d'-Acetone) 6 6.57-6.59 (dd, J = 7.5 Hz, 0.9 Hz, 2H), 6.62 (s, 2H), 
6.72-6.75 (dd, J = 8.1 Hz, 1.2 Hz, 2H), 7.03-7.08 (dd, J = 7.8 Hz, 7.8 Hz, 2H), 
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7.14-7.17 (m, 2H), 7.22-7.25 (m，2H) ； ^ 'C N M R (d'-Acetone) 5 144.54’ 121.56’ 
126.70’ 127.24, 128.51, 128.60，128.63, 130.53, 136.78, 140.96, 143.07, 151.57; M S 
miz 368 (M+). H R M S (FAB) Calcd. for C24H16O4： 368.1043. Found 368.1038. 
1,4,5,16-Tetramethoxytetraphenylene (107) 
To a vigorously stirred solution of 
l,4-dihydroxy-5,16-dimethoxytetrabenzo[fl,c,e,^']cyclooctene (76) (10 m g 0.025 
mmol) in acetone (4 m L ) was added K2CO3 (14 mg). Then the mixture was heated to 
reflux and dimethyl sulfate (0.01 m L , 0.1 mmol) was added. The mixture was 
refluxed for a further 4 hours and N a O H (0.05 g) was added. After cooling to room 
temperature, the residue was filtered off and washed with acetone (2 mL). The 
combined organic solvent was washed with brine (3 mL), dried over M g S C U and 
evaporated under reduced pressure. The residue was purified by Hash column 
chromatography on silica gel (6 g, hexanes/EtOAc, 3:1) to give 
1,4,5,16-tetramethoxytetraphenylene (107) (9.6 mg, 90%) as white solids: m p 2()4°C: 
N M R (CD2CI2) 5 3.63 (s, 6H), 3.72 (s, 6H), 6.72-6.74 (dd, J = 7.5 Hz, 0.9 Hz, 
2H)，6.77 (s, 2H), 6.84-6.87 (dd, J = 8.1 Hz, 0.9 Hz, 2H), 7.14-7.17 (dd, J = 5.7 Hz, 
3.3 Hz, 2H), 7.20-7.28 (m, 4H); " c N M R (CD2CI2) 6 56.68, 56.81, 110.68，111.01, 
122.04’ 126.86’ 127.70, 128.61, 128.67, 128.86，141.92, 143.63, 151.56, 157.44; M S 
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m/^'424 (M+). H R M S (EI) Calcd. for C28H24O4： 424.1669. Found: 424.1661. 
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Jtc wc CI- \ j 
2H 06 ？M9I 
moe DOT 022 did 
tiD oc t^ « 
tjs'.^tjwe io|c tMK 01 
or 1 Od 
0 ee 
2H OC-t El 
0 B£S -
.KB 
I coiirsr ti iS 
• s r K S n 
( O S ^ M f ^ O t U l S K S M ^ • 
zoo;irroo£ zodS 
et oo'&i 21V 
Bt oc oz 丨 rw • 
sscrt 00 001 £OcOd 
Ml 
812J1»« CaodOcO 
_‘•—• tl "Qt^^O 
Im 丨丨丨 l O i S 
BC 00 J "to 
aacr. 0D'£ Id 
D H ly^ 
J  
OODOOOCO‘D HP 
3暑& OOOOOOOO‘1 10 
> CMC 3J 
oC'fi 30 
M s n 0CC £2 KO 
efitl^rr'l DT 
2H rOOdfCO S3d01:J 
2H fili 'UBZ2 HM£ 
c . SO 
Z65 
C I X 3 
i 广 笔 I I • 續 
Mro.oM -"'O ~ JS ss^i^s gSSli-KB^^IiiE^giifei^S-S ^ 
1 OOClDd 
1 ONdXS 
CI 袖〔J >nrh 
I 
0 I e e »; £ 9 Z B 6 u,ao 
jlD I oil O LlI — O fU 5 
i i s I 
g S • I D — O X ^ — t 
«:3/2K IB^XD •QJH \ \ \ \ \ 
•.•3/-0C 托g;r 0 K>.oc ] [ V 1 1 ill 
2h OC 'IOOC li || V 
_0C DOO D1 ‘ 
«： 0:C2 XD 
( j a ^ M t ^ o )o|C BHK 01 
OC 1 Ot • 






0002)0 DOC lOiS 
二 r 丨 9 / \ i o 〇9iAi 
.•…•• “ -•一  
W J DOOOOOOC I U 
> t ODZ 5. JL JL 」 
« s r 0： c • 5： 
Msr, HC / 
M l 丨 Dt ^ 
• 2c C EiidOi: 
“S O t 恥 / 
c s: / 
t Sk 
t l X D JK3/T0: 
BiZZC 0: 
t3 OOodVic 
CI irnc •«： 5 CMSJoc 
00r«OC Hftd'SKi ft i i^U 
fifrroiD&c * i)f： 
. ； 
J oouk I I ^ \\\ r r ( I ! 1 I : I I . I I 
, 一 . G . O . O . O . O . O ' O . O . O ' O . 、•、. •»"•'•«"•<、-«、. 
• i “ r 
tcr. ： … 一 、. t - O O O O ^ ' w a O ' l T C O C ^ — — — tw T-炉華卜 c c L. o. a. i- c ^ u c o lu K I； n- e 
Wji'••«»( ^ ^ ( C, tl C I： C i. C U i- C. I.' u — - 、 J - c O c. 
e i n c \ j a ) o u 3 C r » r n a i r ^ f V i o r n m ( D r n o c D i r ) r v j « ^ ^ 
S OTOiaauDcnua-^-- — o Current Data Parameters 
g m m m 〜 — — — 〜 r ^ . to CD m n m rn 灯艾 7 CD nahE _ 
〜 〜 r v 〜 、 、 r v t D i X 5 ^ D t D t D t D l I 5 U 3 l O m i n i n n cvnun ei 
〒 斤 」 广 = ’ 
1 II 丨丨 『 f F2 - AcQuisition Parameters 
Date. 20020215 
Time M . O g 
INSTRUM do*300 
P008H0 5 mm Dual 13 
PULPROG zq 
TO 32759 
SOLVENT C O C n 
NS 4 
/ \ SWH 8992 806 Hi 
FIDRES 0 274439 Hz 
\ / AO 丨.8219508 sec 
> = \ RG 362 
N ^ ^ C ： ^ OH 55.600 usee 
I I ^ OE 6 00 usee 
TE 300 0 K 
v ： ： ^ ^ ^ ^ 01 1 00000000 sec 
i I …………CHANNEL ri……丨 
MeO O M e 『 
P U -2.00 dB 
yg SFOI 300 1312000 MHZ ‘ 
F2 - Processing oarameters 
SI 32768 
SF 300.1300060 MHz 
WOH EH 
SSB 0 
LB 0.30 HZ 
GB 0 
PC 1.00 
10 NMR Diot oarameters 
CX 23.00 cm 
I FIP 10.000 ppm 
U 丨 丨 3001.30 HI  
^ A . I F?P -0 500 0P« 
、 八八 yilV A A . A PPMCM 0 45652。D«»/cm 
I h ] S fe S I S U d HZCM 137.01587 H " c « 
I S 
’—I'rvjl oj r\j rvj ！ —! 
。 • -- , .��「 
DQi]) I , ‘ ’ f . ‘ •飞•，. r-r • 1 , ’ I , • • • ’ ’ I .r~| - r—r t t- t t i • » ‘ ; »• ‘ r. t - • t t--j—••rf" , • • r- t t -pr-r—t-r-
9 8 7 6 5 4 3 2 1 0 
Current Data Parameters 
name endoxi(Je-l-cl3 
EXPNO 61 
I ^ ^ rua3 to ru o § a» 
§ ^ -r maiaim cd^ cd 贺 om in 
o j j D O i c o u D T x c r i 卜 〜 r ^ i D m - Acquisition Parameters 
！ 3 口 。 二 。 二 o ® ^ - ^ ！S Date 20020215 
I ； I ) 14.15 
\ \ / INSTRUM do*300 





„ DS 0 
SWH 22675.735 H之 
FIORES 0.346004 Hz 
AO 1 4451188 sec 
RG 8192 
, OW 22 050 usee 
Oe 6.00 usee 
I TE 300.0 K 
01 ！.00000000 sec 
(311 0 03000000 sec 
I ............ CHANNEL n … … • 
NUCl 13C 
PI 3.00 usee 
PLl -6.00 dB 
5F01 75.4745111 MHZ 
… … … … C H A N N E L f2 
CPOPRGS waltz 16 
NUC2 IH 
PCP02 100.00 usee 
P12 1?0.00 08 
P U 2 19.00 dB 
SF02 300.1315007 MH? 
F2 - Processing parameters 
- SI 65536 
‘ 5F 75 4677514 MHz 
WOH EH 
4 SSB 0 
LB 3 00 HZ 
GB 0 
PC 1 40 
10 NMfl plot parameters 
CX 23 00 cm 
. FIP 200 000 Dpn 
L 
ODiti ’--T’-T . • • - r - - i — _ - ... , . , r，- ' "'^H 656 M I 3 3 Hi/cm 
J 60 H O 120 100 80 60 40 ？o ^ 9 3 
I 
I S S S S - S S R S S S E ^ i ^ ^ S g S ？ S Current Data Parameters 
Q. rvj — — — Ti 卜 h ^ i j 3 L D i D t D C D L D v 々 ” r^ Q NAME 343_28 
卜 卜 rv 卜 卜 i D U D U D t D t O U 3 t £ > L D U " ) i n i n m o FXPNO R1 
^ _。 • 
''' 「 - Acquisition Parameters 
D a l e . 20020926 
Time 19 39 
INSTRUM dpX300 





SHH 8992 ,805 H2 
I I FIORES 0.274439 Hz 
AO 1,8319508 sec 叩 3225 
J N ( ] OH 55 600 usee 
I / \ I OE 6 00 usee 
MeO f-0-> O M e te 300.0 k 
\ / 01 1.00000000 sec 
… … … … C H A N N E L f 1 … … . 
NUCl IH 
9 5 PI 4.50 usee 
PLI -2 00 dB 
SFOl 300 1312000 MHz 
F? - Processing parameters 
SI 32768 
SF 300.1300063 MHz 
WOH EM 
SSB 0 
LB 0.30 HZ 
GB 0 
PC 2 60 
I ID NMR plot parameters 
1,1 CX 23.00 cm 
I F IP 10 000 ppm ‘ 
、 _ I i 3001.30 HZ 
^ m n A 八 ： i F?P -0.500 ppm 
- 乂 \ y f \ A A PPMCM 0 舰 2 ppffl/cm 
^ fS SlSfei K] fe fe HZCM 137.015B7 Hz/c« 
U — 0 1 U 1 C U O — ^ 
"T"^。— — CD oi m 
f\j oj rvj ru nj 
DDITI i~ri^"prTT-T"T"r"T""T-T~pr."rT"r~r.r-"r"rT-「-r.r-rT~r-T-T.r t 厂「广1.’-丁"1"--「1-.「了-广「丁•tt-r ”T-r"|-T"T-r"r"r.Tr r 厂厂t—t 厂「 p了 t j.tr-.T , -t T~「"i~T"T"r~t~r"i~ 
9 B 7 6 5 4 3 2 1 0 
Current Data Parameters 
NAME endoxioe-down-
EXPNO 61 
I S E5 Ri g K 卯沉 NO 1 
g o ^ t n i p r o r u r v i o co m ^ a> lo ^ 
<5 r u o o m c o ' ^ a j co ID ID in F2 - Acquisition Parameters 
2 2 ^ 2 2 2 ® ^ ^ ^ ^ Date 20030404 
\ \ / INSTRUM dpx300 
I f V PROBHO 5 m Dual 13 
PULPROG zgdc 
I TO 65536 
I SOLVENT C0C13 
NS 82? 
OS 0 
SHH 22675.736 Hz 
FIORES 0.346004 Hz 
AO 1-4451188 sec 
RG 8192 
DH 050 usee 
.. DE 6.00 usee 
TE 300 0 K 
01 1 00000000 sec 
t n i 0 .03000000 sec 
CHANNEL M 
NUCl 13C 
PI 3 00 usee 
PLI -B 00 OB 
SFOl 75 4745111 MH2 
I • • … • … … C H A N N E L f2 • 
CPOPRG? waltzIG 
NUC2 IH 
PCPD2 100 00 usee 
PL2 1?0.00 OB 
P U 2 19.00 dB 
S F 0 2 3 0 0 1 3 1 5 0 0 7 MHZ 
F2 一 Processing parameters 
SI 65536 
SF 75.4677513 KHz 
HOW EH 
SSB 0 
LB 3.00 Hi 
GB 0 
PC 2.80 
10 NMR plot parameters 
CX 23.00 cm 
FIP 200.000 卯IB 
^ F1 15093 55 m 
Doin •了 I I I I I I i-r-r I rn-r r r t i t t "j—广厂丁 7 ：，一广广丁-厂]r T.t 广 t-t-，「了-t-t r ’ t--- T ’ 丁丁 t r r 一t i t . : -t ’ ri^r， t j T t r t t- t，t H2CM Q 656 ?4133 Hz/Clfi 
180 .160 MO 120 100 80 60 40 20 … 
I § Curr-enl nala Paramftors 
Q m m fi m < ― • »—• cn co r^ r^ ( 、 ① NAMf 2 ？6 
、"""^^^^：^ 叩_ ‘ 
1 1 l『 F? AcQuisition Parameters 
Oate_ 200卯217 
Time 14 42 
INSTRUM dpX300 
PROBHD 5 mm Dual 13 
PUIPROG zq 
TO 3?768 
S a V E N T CDC13 
NS 4 
/ / ^ SHH 8992.806 Hz 
V y FIOflES 0 ?74439 H; 
\ / AO 1 8? 19506 sec 
/ \ ^ ^ RG ？56 
OH 55 600 usee 
OE 6 00 usee 
L I I J TE 300 0 K 
… 1 00000000 sec 
• . - X ' . . … … … … C H A N N E L M 
M e O O M e nuci ih 
PI 4 50 usee 
PLl -2 00 (IB 
9 6 SFOl 300 1312000 MHz 
F? - Processing parameters 
51 32768 
SF 300 1300060 MHz 
WOW EM 
SSB 0 
LB 0 30 H2 
GB 0 
PC 1 ?0 
I 10 NMR plot parameters 
I , CX 2 3 0 0 cm 
I 1 I FIP 10 000 opffl 
I n •； M 3001 30 Hz 
‘ — ‘‘^  - ‘ I 0 500 pptn 
l\/\ J k 八 -150 07 H , 
- / V l/y 丨 \ /\ PPMCM 0 15652 oom/cm 
I K 乱 A l K ' S 5 吼 M 137 015B7 
S .丨 • 
nj ” … n j f\! 
DDm ,、 “、 
. 2 1 0 一 
I 
Current Data Parameters 
name ？-26-C13 
EXPNO 61 
5 ^ O O - ^ U D C M C D - ^ O r^ ( • D m c n — PROCNO 1 
Q T m o o 卜 — r ^ 卜 r v j o j o j o h ^ in 
Q o o o 卜 m c n o i n — o ” o m S 
S o f： K AcQuisUiogo^ 二》Urs 
\ / \/ \ 二 M 二 






SWH 2?675 736 Hz 
FIDRES 0 346004 Hz 
W 1 4451188 sec 
I RG 8192 
OW ？?.050 usee 
. . OE 6.00 usee 
TE 300.0 K 
01 1 00000000 sec 
dll 0 03000000 sec 
............CHANNEL M 
NUCl 13C 
PI 3 00 usee 
PLl -6 00 dB 
SFOl 75 4 7 4 5 n i MHz 
• • … … • … C H A N N E L f? 
CPDPRG2 waltzlE 
NUC2 IH 
PCP02 100 00 usee . 
PL? 1?0.00 dB 
PL 12 19.00 dB •• 
SFO? 300 1315007 MHz 
F2 - Processing parameters 
SI 65536 
SF 75 4677517 MHz 
WDW EM 
SSB 0 
LB 3 00 Hi 
I ^ 0 
PC 1.40 
ID NMR plot parameters 
CX 23 00 cm 
PIP 200 000 ppm 
亀讀“mtmi^m U m m j A m m ^ M m r n f m r n m ^ i M 3 選 L 
叱 ,"「广-r , - ’ , • 广 「 ^ r Trr-.^-T T"--;— -，r •广T-T-T-t r r r-7 r ^ r t T~r • r-r-T-r-r-r-r-i"'^" Q « 5 6 ？4133 Hz/cOi 
180 .^60 110 1?0 100 80 50 40 20 
Current Data Parameters 
name 3ben-H3 
o > a ) ' ^ o > r n r u ^ n « " - » i n c D r ^ ^ o i o c o ^ m o i m o — i i j o n r - - cd <\j r*. O 
a o i c D C D t D i n ^ f n c M i n ( \ i o i o o c D r > u 3 U D T T r n i n u i f n c \ j o o ) f ^ ( \ j o c n r v ( n < ^ o PflOCNO j 
Q^ m m r n f n r y c v j n j n j o o o i r ^ i ^ U 5 t D c o i D U 5 i o n ^ rr ^ c n m i o t o i n m i f i i n o 
Q f n m m m m r i m f u r v j f \ j c \ j ( \ j a j o Acquisition Par ania tens 





— . , f,~^ OS 0 
/ / \ \ SWH 6992.806 Hz 
V y FIDRES 0.274439 Hi 
\ / AO 1.8219508 sec 
^ ^ y \ 八 RG 138 
如 55.600 usee 
a 6.00 usee 
L I J TE 300.0 K 
1.00000000，《 
I 丨 • • 詹 C H A N N E L ft — — • 
MeO OMe 川 
• . PI 4.50 usee 
PLl -2.00 (J0 
• 1 0 0 SFOJ 300.1312000 MHi 
• ” • ‘ • ：；. 
P? • Processing osraneters 
'_,‘..... SI 3276a 
SF 300.1300139 
. ： • •• WOW EM 
• . . ' • SSB 0 
UB 0.30 HZ 、. Gfl 0 
• PC ！.30 
• . • 
to NMR plot paraaeters 
I I CX 23.00 cm • 
I I H I FIP 10.000 DP* 
^L-a-A .^ A. « I F2P -0.500 0口_ 
yyw \ y V l\ ^^ o ^ses? DO»/C« 
？ . fc\j(oYcn (OD on [ H to ID HZCM 137.01587 HZ/cn 
^ o> o ^ in vD m TT o 
57 r v j o o o j — lo o> o 
^ o> o o o — (J» o 
• ， — fvic\j|(\i**« l o l ” f\i 
• ‘ • • • • • • . 
••“丨丨丨丨丨"丨mmmmm^nmm^nmmnmmmm^mmjmmmnm^nnnnrnmmmi^_____________丨酬__丨-_|丨•曙»|____丨_••m•丨••••i^ 丨  |丨 i mi•丨旧•画丨 |  
.‘口咖 9 8 7 6 5 4 3 2 1 0 
Current Data Parameters 
NAME 3ben-H2-ct3 
exPNO 61 
<\i m ifi m U3 m o o — r> o ifl 卜 o P W C N O 1 
• CJ o o > • " C T t f U T m o) c\j o rv o m 
0. o> o j o o t M — o ^ m m ^ o tn co Si 
众 rnc\i o i Q o r v i r i n j o> r^ ‘ lO iri « • Acouisilion Parameters 
2 , . Z Z Oi ii Di ！：^ ^ 2 r^ m ⑴ Oate. 20030210 y\\ / / \ / INSTRUM CJPX300 






SWM 22675.736 Hi 
FIDRES 0.346004 Hz 
AO 1.44511B8 sec 
AG 11585.2 
• . OH 22.050 USBC , 
” OE 6.00 usee ‘ 
TE 300 0 K 
01 1-OOOOOOOO sec 
dll 0.03000000 sec 
............CHANNEL ri 
NUCl I3C 
PI 3.00 usee 
P U •6.00 冊 
SFOl 75.4745111 MHZ 
•••••• CHANNtL f2 
CP0PRG2 waltz 16 
WC2 IH 
PCP02 100.00 usee 
Pt2 IM.OO dB 
PL 12 19 .00 dB 
‘ SF02 300.J315007 MHr 
F? - Processing parawters 
St 55536 
, SF 75.4677530 MHz 
WtW EM 
…, ' . :‘. ； . SSB , 0 
LB 3.00 Hi 
GB 0 
I PC 1.40 
10 NMfl plot parameters 
CX 23.00 cm 
FIP 200.000 po_ 
I 13093.55 Hi 
〜 PPMCM B.69565 ppm/c« 
丫 “ " r 「 「 r - n - , - r - T ~ T - ; r ^ ^ ~ r ~ p r - r 「 r n i - r T r ~ p r T - r - r T r r - T ~ T - 「 r " T T ^ ” T - r T r i T T ~ , ...,,,「「rT"rT~TT-T-T~p^~r-””~TT~r T 了 ！ - 〜 , , , , , , , , , , 吼 对 Q ^ ？ 4 1 3 3 H " C « 
. IQO 150 HO \?0 100 eo GO 仙 20 
R SKSSg^JStSS'SSSlg S 5 Current Oala Parameters 
a ^ T - w T T r n r n r n o j — — '^ — l o i o i o o NAME 广 
^ f^ 卜 卜 • 〜〜 . r ^ pv r ^ •〜 I D to lO m O £XPNO 51 
^ ‘ ‘ ^ F3 - Acauisition Para«eters 
O a t e . 20030606 
Time 13 56 
IMSTFUJM do X 300 
PROGHO 3 <M Dual 13 
PULPflOC tq 
rO 3276a 
SOUVENf C0CI3  
NS 8 
口 义 、 p SWH 8992 906 Hz 
or \ / or FlOPeS 0 37409 HZ 
I \ / I 40 1.6219506 sec 
AG 6-5. t 
Y Y ^ OH 55 500 ustc 
0€ 6.00 usee 
• • • . ' 1 1 ^ re 300.0 X 
^ ^ ^ ^ \ X 01 1.00000000 sec 
. . 1 •…•••••••• CHANNEL ri ....... 
MeO O M e … 
.、 Pt 4 50 usee 
P U -2.00 (38 
99 SFOl 300 1312000 HH{ 
F2 - Process jng parameters 
S【 3275S 
SF 300.1300063 hhz 
WOK €M 
SSB 0 
LB 0.30 HI 
.-•： ‘ . M O 
, , PC 1.30 
• • ' • • -
10 NMR Plot paraweiers 
I CX 23.00 o 
I PtP 10 000 oa« 
j!\j\ 11 I • 300t.30 HZ 
. . ； . — / ^ ^ ^ ^ 1 PPP -0.500 poa 
/ \ j \ / V A PPMCM 0.45652 D0IB/C« 
m r ^ OJ g ] A n ^ |in| H2CH 137 .01587 hi/cm • 
t S in 2 ri| 3 
w j — 一 0 a > 0 | » o 
jAj ru c\i — rvil | uo 
.....--.....”- - . . 一 … . ， . . . . . 厂 ™ J ~ T ~ - - • - i” ^ 1 
..、 . . 
• .. • . .... •‘.... . • , : ..:.....:, 
Current Oata P a r w t e r s 
NAME 3den-o2Gr-cn 
EXPNO SI 
CM CD U3 — rvj ^ oj 03 — m n o co PPOCMO \ 
B 门 . r s f n o i 辦 lOr- oj o r^ r\i 
5 飞 o to 臂 o CNj r\j -« o CD f^ ^ o in m 
众 in — o r v i o c r i o D f ^ r - i o rs to ai - Acouisition Parameters 
Z Z Zl Zl ^ ^ 二 二 r^.r^r^ m D a t e . 20030506 
\ VX I 、乂 【NSTRUM doi30Q 






SWH 22675.736 H? 
F l o w s 0.346004 H7 
AO I."51188 sec 
fiG 8192 
OW 32.050 usee 
D€ 6 00 usee 
re 300.0 K 
0* 1.00000000 sec 
O U 0.03000000 sec 
............CHANN€L M … … ’ 
. NUC： I X 
PI 3.00 usee 
- , . PL 1 -6 00 dB 
SFOl 75.4745111 mmi • 
• . - • 
• CHANNEL 13 
CPOPflM waltzie 
MUC2 IH 
PCP02 too 00 usee 
. . . - PL? 120 00 OB 
..•‘ . . PL 12 19 00 08 
SF02 300.1315007 MHz 
‘ “ .. 
F2 - Processing oaraneters 
SI 65536 
SF 73.4677506 MM| 
— WOW EM 
SSB 0 
IB 3.00 
- G8 0 
PC 1.40 
• • • • 
10 NHR Plot paradwters 
• , I CX 23.00 Cfli 
j FIP 200.000 PO" 
00,li •…r； : • ' - , . .. , T ' i—- 严K 556 2M33 
ISO 160 MO 120 100 80 50 4'0 2'0 
103 
e o o o m i n r n • 卜 （ D O • 卜 r ^ m o j o r ^ c n u D i n o j to Current Data Parameters 
g r \ j r v j n j n j f \ j ( \ i a ) c n c n c T » 0 D c o c D 卜 r ^ i n i n i D t D co NAME 385 
r>.r>vr*vr>-r^rv(jD«i3UDLD{iDii)(X)tD«i3(i3CDinin m EXPNO 61 
广 I _ 。 • 
V T \n f r I F? - AcQuisition Parameters 
Oate_ ？0030?05 
Time 16.01 
INSTRUM dpx300 ‘ 
PROBHO 5 fflffl Dual 13 
PULPROG ；9 
TO 32768 
SOLVENT C0C13  
NS 4 
1 / ^ SWH 899? BOB Hz 
\ / FIORES 0.274439Hz 
\ 1 AO 1. B?19509 sec 
/ \ ^s. RG 36? 
^ ^ ^ ^ ^ OH 55 500 usee 
OE 6,00 usee 
L I I A TE 300.0 K 
01 1.00000000 sec 
MeO ^ o A O M e iiil^;""""咖晰*" ‘”…‘ 
\ / PI 4 50 usee 
^ • PLl -2 00 dB 
SFOJ 300 1312000 KHz 
7 7 F2 - Processing parameters 
SI 3?768 
SF 300.1300060 MHz 
HOW EM 
5SB 0 
LB 0,30 HZ 
G6 0 
I PC 1 30 
11 10 NMR plot parameters 
I I I CX 23 00 cm 
I n FIP 10.000 ppff 
JUl/li J _J\ I “ 3 0 0 1 , 3 0 HZ 
^ ^ — ^ ^ ^ ~ ： 乂 ^ A F?P -0 500 pom 
� A N \ l \ I \ 八 PPMCH 。45652 ppm/cm 
？ foi oVcDi M cv] HZCM 137.015B7 Hz/cm 
? c\J r^ o UD oj rv 
S m o — rs 
C I Ol O 01 CD ^ 
对 I —艾丨I的 “ tX) 
I 
Dpfn 斷"""""“*""'"""™*^?"*"""""*"^’”"*^"^••卿「''""- •!•«!"•-•,，.,•”•「，.…，-•.” -„. •T-T-.T•.-”• T.〜n”,"i"~w..’r•〜;厂 im”：r;rr,iMii"tr,:irr"TiPtTpt7>T!v,,~»»»"t_,p,i’..-~7ir"”""”r"yTr~TrT">mTwniTin*i*i:rTr"TrvTr>nf"r~t>rvn~v",',:»i—:»||,i w "r-
9 8 7 6 5 4 3 2 1 0 
Current Data Parameters 
NAME 385-C13 
EXPNO 61 
t i r ) o ， r - « ( \ j — or-vf-sTj OD O m ai ID — PROCNO 1 
5 i r ) O i ” i n r - - i n * ^ c o r - « - T T r^ ry oj cn r^ GO 
g — t n o o j r ^ u D o o u D o — c\j i n，（ T > i n to 
r^ - r ^ T T r r i o o o o j x » m r v j cr» in r^ id ud in - Acquisition Parameters 
\r) fj ^ ror\jc\jruoj o cd 卜 卜 卜 m Date ？0030205 
— ^ T H T , 16.07 
\ \ \ / \ / INSTRUM dpx300 






SHH 2?675.736 Hz 
, FIDflES 0.346004 Hi 
AO 1 4451 IBB sec 
RG 4096 
DW ？2.050 usee 
OE 6.00 usee 
•‘ TE 300.0 K 
D1 1 00000000 sec 
Oil 0 03000000 sec 
CHANNEL f 1 
NUCI 13C 
PI 3 00 usee 
P U -6 00 dB 
5F01 75.4745111 MHz 
•…… •… . C H A N N E L『 2 
‘ CP0PRG2 waltzl6 
NUC2 IH 
PCP02 100.00 usee 
PL2 120.00 dB 
PLl? jg 00 dB 
5F02 300 1315007 MHz ‘ 
_ F? - Processing parameters 
SI 65536 
5F 75 4677513 HHz 
HOW EM 
SSB 0 
LB 3.00 HZ 
GB 0 
PC 1.40 
10 NMR plot parameters 
CX 23.00 c« 
FIP ？00 000 ppm 
F1 15093 55 HZ 
卜 • ， PPMCM B 69565 ppm/cm 
DOm • • • I ' • ' • • . • ' - ， t ’ 1 , 1 「 ' - -I T • 1 . . T 1 -t • . 1-1 t T- T-J-1 ' -r-T T , 1 ’ 1- p i- l-T-T-T T T-T-T~T"T，f，i，~T"r Q ^ ^ ^ ^ ^ ^ ^ ^ 
180 ..160 140 120 100 80 60 40 20 
I ° s Current Data Parameters 
g V T r n j o j r v j o j o i C D c n c n u j t D ' ^ T • ^ i n i n co kd O NAME p-br 
m — o EXPNO 61 
V - 。 ‘ 




PROBHO 5 mm Dual 13 
PULPROG zg 
TO 32768 
SOLVENT CDC 13 
NS 8 
/ / ^ SHH 6992 .806 Hz 
Br \ / Br fiohes 0,274439 hz 
I \ / I AO l .B?1950B sec 
A . / \ A . 恥 255 
55 BOO usee 
OE 6.00 usee I 
L I I J TE 300.0 K 
0〗 1 00000000 sec 
丄 / \ 丄 I J … … … … C H A N N E L f l … … ： 
M e O f - 0 - ) O M e nuci ih 
\ / PI 4.50 usee 
\ ‘ PLI -2.00 08 
SFOl 300 1312000 MHz 
1 0 2 F2 - Processing parameters 
51 32768 
SF 300.1300050 MHz 
WOW EM 
SSB 0 




！ 10 NMR plot parameters 
I CX 33.00 cm 
i FIP 10.000 ppm 
_ tt i / I j / n 3001.30 Hz 
^ J I j\ A K J F2P -0.500 ppn 
、 I \ l \ 八 八 八 I 八 0.45552 ppm/cffl 
J f\J (ojl — Hlfoj o fcrl HZCH I37.015B7 Hz/cm 
oi o i u D r o u D m — 对 
ru •«-. o 03 -TH ru n 
I cn o o o oi oi c\j 
— ( M ru t\j — ” to 
NfttTmnnnimm  
Ppm 肺 I 1,丨丨丨 丨丨丨丨丨丨丨了丨丨丨 I 1 I _1曙丨丨丨 
^ 9 8 7 6 5 4 3 2 1 0 
I 
Current Data Parameters 
NAME D-t>r-cl3 
EXPNO 61 
fc 沿 f ^ r v j — C D — U D — o f^ m to in rvj cd en PROCNO i 
g (X>in o j m r ^ c o m i o m oDcn S o r^ S 
一 一 c o f v i c D c n u D U D oocn ^ o ID £ 
L D ( M m ^ r H c n c v j o u D T T ro o iri r^ r^ id m F? - Acquisition Parameters 
m m ^ ^ m m n r u r u — — co r^ r- S K n，》fl rwtin』,。 和 — — — — — — “ ‘ Daie_ ？00 30 426 
\ / \ W V J INSTRUM dpx300 






SHH ？2675 735 Hz 
FIORES 0.346004 Hz 
AO 1 4451188 sec 
TO 11585.2 
I OH 22.050 usee 
I OE 6.00 usee 
TE 300.0 K 
D1 1 00000000 sec 
till 0 03000000 sec 
… … … … C H A N N E L f 1 … … ' 
NUCl 13C 
PI 3 00 usee 
P U -6.00 dB 
SFOl 75.4745111 MHz 
............CHANNEL f2 -••••-• 
CP0PHG2 waltzlS 
NUC2 IH 
PCP02 100.00 usee 
PL? 120.00 d8 
PLI? 19.00 dB 
SFO? 300 1315007 MH/ 
- F2 - Processing parameters 
SI 65536 
SF 75,4677517 MHz 
KOW EM 
SSB 0 
LB 3.00 HZ 
GB 0 
PC 1 40 
10 NMR plot parameters 
CX 23.00 cm 
I FIP 200.000 ppn 
h 15093 55 HZ 
如 f / 卜 广 p r 1 -r r「r~T~r-r-「-r.r--门广门-T-p-r 门 t . r t " r ~ r - 「 n - r r T - T ~ r - r - T 广 广 丁 丁 广 ’ ” 门 - 广 了 ’” 厂 ： T r r 了 t ， t ， r t r -门 i - t Q i ^ ^ 24133 Hz/cW 
.160 140 1?0 100 80 50 40 20 
1 S S 男 积 另 男 Q te current Data Parameters 
g rvjajojrvjajrvj — ” — c D o o c o m 卜 卜 f^ 卜 co f>- m NAME 3ben-phenol 
rs•卜 r-vt-H 卜 卜 f x v r - ^ r - v C D i D U D t o c i D i i D U D i D ” m m EXPNO 61 
\l _ 。 ‘ 
niillf n f f r ^ I I F? - Acquisition Parameters 
Oate_ 20030417 
Time 15 42 
INSTRUM dpx300 
PROBHO 5 tnffi Dual 13 
PULPROG zg 
TD 32768 
SOLVENT C0C13  
NS 4 
1 / ^ SHH B992 B06 Hz 
\ / FIORES 0 ？74439 Hz 
\ / AO 1 8219508 sec 
/ \ RG ？56 
^ Y OW 55 500 usee 
OE 5.00 usee 
L I 1 A TE 300 0 K 
01 1.00000000 sec 
/ \ — CHANNEL n 
\\ /) O H NUCl IH 
MeO O M e 二 T 
SFOl 300 1319000 MHz 
1 0 3 F2 - Processing parameters 
SI 3276B 
SF 300,1300061 M m I 
HOW EM 
SSB 0 
LB 0.30 HZ 
GB 0 
PC 0 10 
I I 10 NMR plot parameters 
I , | | CX 2 3 . 0 0 cm 
fifl I FIP 10 000 ppm 
J 处 L P l 1 J v L I FPP 3。二 二 
、 A A \ PPMCM 0.45652 ppfn/cm 
？ f o r c v j f e f k o l M ^ ^ H i f o U3l HZCM 137.015B5 Hz/cm 
ch T - i f ^ c o o o j o r ^ r ^ . oj o ^ 
2 c o i n r v j r ^ T - » o r \ j ^ OD O U D 
^ c M C M o o c n o o a ) GO o o i 
— — o — o m OJ 
一 一 画 曙 啊 卿 • 丨 „ ” — ⑩ — 丨    
9 8 7 5 5 4 3 2 1 0 
Current Data Parameters 
NAME 3ben-Dhenol-c1 
EXPNO 61 , 
o ^ ^ o j r v j i n r o r v j o i n o r v j n c v i o j c O T r i n — o c c i o j q O T o m o o j r ^ ” c o m PROCNO t 
S ( X ) 0 0 ( £ ) { D " « - ' i n m ^ r v ^ c v j ^ t o c v j u d c x j o ' ^ T ' ^ a D r n ' o - n j co r\j o cr» r^ m e n 
Q- o o o 艾 cn — — r v t n — • - i m o o c j j r - K m — c > c D r - « L n i n - ~ « ( D ud ^ oj ct> in rr 
i D i n c M ^ ^ r m 州 o c o o c r » o o c D Q D r - ^ r - - r - « « r v ” m r v j n j " « ~ « ” o r^ r-- r^ . (d to m in F 2 - AcQuisition Parameters 
i n i n i n " « 7 7 7 * T m r n n j n j c \ j r v j c \ j f \ j ( \ j c \ j ( \ i r \ j c \ j n j c \ j 一 ” r^^t^rv 〜 r ^ m m Date 20030417 
• V i r 
PULPROG 无gdc 
TO 65536 
SOLVENT CDC 13 
NS 1798 
OS 0 
SWH 32675 736 H7 
FIORES 0.346004 Hz 
AO 1 4451198 sec 
AG 8192 
DW 22 050 usee 
OE 6.00 usee 
TE 300.0 K 
01 1 00000000 sec 
dll 0.03000000 sec 
«<»<«««.>.< CHANNEL f 1 = 
“ NUCl I3C 
PI 3,00 usee 
PLl -6 00 dB 
SFOl 75.4745111 MHz 
............CHANNEL f ? … … ， 
CPOPRG? w a U z i e 
NUC2 JH 
PCP02 100.00 usee 
PL2 120.00 dB 
PL 19 00 dB 
5F02 300 1315007 MHz 
F? - Processing parameters 
SI 65535 
SF 75 4677510 MHz 
WOW EH 
SSB 0 
LB 3.00 Hz 
GB 0 
PC 0,10 
ID NMR plot parameters 
CX 23.00 cm 
I FIP 200 000 ppm 
^ M 15093.55 HZ 
叱 m ， ' 、 广 ” T - r i - - ’ - ’ — T , r r . T-r ,-「丁,.1 . T", • r-- r . T t t -r T i • , i-y-r-, tr-r , -, , r p-T-r t - t - t - j - r - r r v • ,-r-rT-r-T"r r - t-t t t- r-r v-r ,-，”rT"T.-T t 556.24133 Hl/cm 
180 160 110 1?0 100 ao 60 40 20 
1 0 0 
_ T a j T o r v CD CO Cur^^nt ^ t a ^ira^ttsr^ 
Q r o r n n o j r v j n j — 一 — d " » O T Q i c o o o c o c o 、 m m m ^n � sAMf： »••^ o 
y i I ‘ 
1 1 l「lPi I ‘ 1 F2 - Acauisuicn oarweteri 
Date. ？00 30326 
T i w 23 C5 
INSTOUM 00x300 




OS 0 r V 5>m 3992 306 Hi 
/ / ^ FIDPeS 0 274439 Hz 
( ' 7 AQ 1.8219508 sec 
\ / RG 724 t 
〉 OM 55.500 usee 
泥 5 00 usee 
‘ 、 TE 2C0 0 < I 
01 l.COOOCQOO sec 
^ T ^ • •… •…… C H A N N E L M  
1 \ NOCl IH 
H O ~ ( \ /)~~OH 
MeO v _ U O M e sfqi 3001312000 w! 
F2 - Processing oarawcsrs 
7 g SI 32768 
‘ SF 300.1300106 MH7 
MCW EM 
ssa 0 
la 0 30 H2 
Ga 0 
PC 1 20 
. IQ NHfl Dlat oarameters 
I I I l I i ” CX 23 00 c» 
I y y I Fip to :oo 3o« 
A 入 P 》 
/\l\/\ I \ /\ P P ^ M 0 45652 30»./c» 
3 frufcuYr- Hc^ U] hZCM t37 01587 Hz/cm k 一 in 01 03丨 ， 0 ^ 1 — 
mloj丨cn v ao 丨 c\j 
2 o IC7I: cn CD , OT i 
S -i •! • -I • ！ -I 
V 丨叫 I—I ID 
_ 9 a 7 5 T" — 一 T 3 ？ 1 0 
Currenl Oata Parameters 
NAME 30H?OMe-cl3 
exPNO 61 
m m crt o cj> <j) CO PROCNO 1 
5 r\j a i o m r r a j t D a j r v j T m cm CT) cm in ctj m r^ 
0. »n o o m i ^ m i n o i D O f v j m o o r ^ m c n ^ D r u 
UD r ^ i O - O T c n c o c o a - i m t D - l O ^ ' T x n m m ^^ ‘ Acquisition Parameters 
^ i D L n m i n m i n Date ？0030526 
i \ i I W / 7 1 I S ^ l ^ S r 
i PULPPOG ？gdc 
; TO 65535 
SOLVENT CDC 13 
NS 15798 
OS 0 
SWH 22675 735 m 
FIORRS 0 346004 Hz 
AO 1 4451168 sec 
RG 8192 
OW 050 usee 
OE 6.00 usee 
TE 300 0 K 
01 1.00000000 sec 
dll 0 03000000 sec 
… … … … C H A N N E L M … … • 
NUCl 13C 
PI 3.00 usee 
” P U -6.00 d8 
SFOI 75.4745111 m z 
• CHANNEL 丨 2 — 
CP0POG2 waltz 16 
* NUC2 IH 
PCP02 100.00 usee 
PL2 120.00 dB 
PL 12 19 00 dB 
SF02 300 1315007 MHz 
F2 - Processing oarameters 
5t 65535 
SF 75 4677055 WHz 
WOW EM 
ssa 0 
i LB 3.00 HZ 
I GB 0 
. j PC i 40 
I j 10 NMfl plot Dar”eters 
I CX 23.00 C^ 
I ？ IP =00 000 pom 
j I j ' I l[ M 15093.54 Hi 
— s H i E L 
L、、、-，••- HZCM 655 2 4 0 9 1 Hz/c» 
QQ 防 ^t—T j - 1 — " r - - ' ~ 1 f — — T T . - • •— r •：~r 一-广一"r-"T 厂 T"广广「"r~T-T T-r*"!"-，-了 T- T-T”一r~pT T_ ―rr-j— i T-T-T-I~~r—p-fr »• T T T 「T. r-f ！ , ，一， . . ^  
180 160 MO 120 100 80 60 40 20 
1 0 1 
6 , S te K ；？ ? EJ? JS Currem O a U Parameters 
g njcvjoj — — — o o o r ^ r ^ 卜 卜 i D i n i n t n i n cn o o o o o o NAME 410 
卜 卜 r^ 卜 卜 卜 卜 t O L D L D C D U D L O U D l D U D fU f\J (\J C\j OJ OJ c\j EXPNO 61 
糊 ‘ 








r \ - 0 
\ / SWH 8992.806 Hz 
\ / FIDRES 0.274439 Hz 
^ ^ / ^ v 八 AO 1.8219508 sec 
RG 228.1 
OW 55.500 usee 
、 OE 6.00 usee 
^ ^ ^ S / X TE 300 0 K 
I y——/ I 01 1,00000000 sec 
HO L /) OH "…….…CHANNEL fl ”…:• 
PLl -2.00 dB 
H SFOl 300.131?000 MHz 
F2 - Processing paranteters 
SI 3276B 
SF 300.1300070 MHz 
HOW EM 
SSB 0 I 
LB 0.30 HZ 
GB 0 
I 1 1 - PC 1.00 
/ \ 10 NMH plot parameters 
I \ CX 23.00 cm 
n / \ / FIP 10.000 ppm 
rm {r J 乂 ( • 3001.30 HZ 
^ J L — ^ ~ — F?P -0.500 ppm 
/ \ \ j \ ^ ^ PPMCM 。. 45652 pp«/cm 
•iS ru|fv>/o cMlinl HZCM 137.01587 Hz/cm 
k in CD OJ O CO o 
0) CD ID r^ o in 芒 o o o O O) oi 
s r\j rvj rvjioj ^ — 
巾mimim!mniTTnmnimiijTn_nnrnnmtnnmTnrmmimrtm"inf"TnT””.m'Tirr""irnpTtiiiTwn|nnninrmrT"Tmnrr""rTr<mn:in|nmrnTTmmrTTn"niTTmnnir”i..T..rj..”...i,iir”” rir”.im:imim"Tr:|i.i”'n,”..「"'i".:irn.‘TTmmfnTTr.,”| iinnn”n”*n.:TiT"Tr”TTr:，.,r^.T..TP,»n.”it|iiinr’TM”，：-.:•".-•-，• . 〒 . - , , ? 而 躍 , 
_ 9 8 7 6 5 4 3 i 1 (!) 
Current Data Parameters 
NAME chtwai 
EXPNO 61 
CT» ^ i n o n ^ ^ G o r o — i r n ^ — i n o i c x j i D O i n TOOCNO 1 
e UD r ^ i n c o m m o o ^ o i D ^ r^ tr> o co m 
^ in o c D r v i n t D t D t n n j f ^ m m r^ in ru o r^ ^ cm 
以 - o ； CD oi oi CD CD CD 卩？ — AcquisiUon Parameters 
in • ^ ' q - m m f v j n j o j r v j o j r v j ' r - . r\j oj rvj cvi ru ru rvj Date ？0030705 






SHH 22675.736 Hz 
FIDRES 0 346004 Hz j 
AO 1 4451186 sec 
RG 8192 
DW 22.050 usee 
OE 6.00 usee 
TE 300.0 K 
01 1.00000000 sec 
dll 0 03000000 sec 
… … … … C H A N N E L f 1 … … • 
NUCl 13C 
PI 3 00 usee 
PLl -6 00 dB 
SFOl 75 4745111 MHz 
… … … … C H A N N E L f ? … … . 
CPDPRG2 waltzie 
NUC2 IH 
丨 PCP02 100 00 usee 
丨 P12 120.00 dB 
PL!? 19.00 OB 
Sro? 300 1315007 MHz 
F? - Processing parameters 
SI 65536 
— SF 75 4677456 MHz 
NOW EM 
SSB 0 
LB 3.00 Hi 
GB 0 
PC 1 40 
10 NMR plot parameters 
CX 23.00 cm 
FIP 200.000 ppffl 
N 1 5 0 9 3 . 5 5 HZ 
‘ PPMCM B 69565 ppm/ctt 
Q ~r-1[-1r~r. T~ r^r-v "T 厂 飞 - t . 1 r ^ ： • ： i j i t -【？ i T ' 1 1 ” 1 • 1 ‘ -i r T- T j t 1 T-T.-T-Ir_it—f-i~1r~i' T' VI T TpT-r i — T - I 1 1 ~ ~ ： ~ ‘ T t-r-1 y T.T . •！ • T-I'T T — < ~ J 27 Hz/CHI 
ISO 160 140 1 2 0 100 80 60 40 20 l ( p 
1 ； C u r r e n t Data Para 邮 ters 
g o j o j o j o j c M c u * " ! — r n c o o o c o c o r v N h - 卜 卜 m m m 卜 to NAME 412-3 
f ^ f v . r ^ r ^ r > . r ^ r ^ f ^ r > . t D i D i D t D a D t D ( i D i D L D i n i n i r ) m m EXPNO 61 
厂 \l _。 ‘ 
H l f llflr 「 丨丨 F? - AcQuisition Parameters 
Oate_ ？0030423 
Time 17 05 
INSTRUM dpx300 




, NS 8 
^ SHH B992 .B06 Hi , 
/ FIORES 0 274439 Hz 
1 AO I .B219508 sec 
\ ^ ^ AG 2B7 4 
产 Y i OW 55.600 usee 
OE 6.00 usee 
L I I J TE 300,0 K 
D1 1.00000000 sec 
/ \ •…… • •… C H A N N E L f I … … • 
M e O <\ /) O M e “ 
MeO O M e p^：, 二 = 
SFOl 300 1312000 MHz 
1 0 7 F2 - Processing parameters 
SI 32768 
SF 300 1300108 MHz 
HDH EM 
SSB 0 
LB 0.30 Hz 
GB 0 
PC 0 50 
UID NMR plot parameters 
CX 23.00 cm 
f FIP 10 000 ppm 
/v F1 3001.30 Hz 
— A ^ — 一 F2P -0 500 ppm 
、 ) ) J f 乂 乂II 乂 PPMCM 0 45652 卯m/c« 
2 f ^ S 备 f s S | p o ] HZCM 137.015B7 Hz/cm 
2 卜 o — e n — o o 
^ rvj CT) O O^ (D CO o 
TJ — C\J — U"> ID 
Dom 丨丨丨11'"I丨_鬧"‘“I丨丨問""I丨丨 '^1"III丨丨"'_‘“则"'丨则丨丨'"T'丨丨丨丨丨丨丨丨I丨丨丨丨1"丨I.丨丨II丨丨丨丨！"I丨丨丨I丨丨丨丨晒丨"•“關丨丨丨丨丨丨"'丨丨 丨丨丨"""'"1_ |則丨丨I丨,1_丨丨丨_|丨丨丨 I刚丨丨丨訓丨關niM_丨m丨丨m丨丨丨,丨丨，彳,丨丨彳丨丨.冊_刚,1 
^ 9 8 7 5 5 4 3 2 1 0 
I 
Current Data Parameters 
NAME 4i2-3-cl3 
EXPNO 61 
m 0 ' » - ' a D » - ^ m 0 C D C T ) m e n r n r « - o c D f \ j a > { \ j - - ' i O ' " 0 PROCNO 1 
S rn LD m r u m r ^ - ^ o i n r o •卜 rvjr--ojinu3CD • 臂 m 
§ • « T i n i D C T ) O D l D a D 、 C D O O t D CDUD — 
f ^ — n — o D m c d r ^ u D o j — o " Acquisition Paratneters 
m m ^ ^ c\jr\jf\jojc\jru i n i n m i n i n i n i n i n i n m i n Oate 200304?3 
I I V W / V ^ ^ ^ ^ ^ l i r 
PULPROG zgdc 
TD 65535 
SOLVENT CDC 13 
NS ？532 
DS 0 
SHH 22675,736 Hj 
FIORES 0.346004 Hi 
AO 1 4451188 sec 
RG 8192 
DW 22.050 usee 
OE 6.00 usee 
TE 300.0 K 
D1 1 00000000 sec 
Oil 0.03000000 sec 
CHANNEL f1 
NUCl 13C 
PI 3.00 usee 
PLI -6,00 dB 
SFOl 75.4745111 MHz 
............CHANNEL f2 -« — -
CPDPRG2 waltzie 
NUC2 IH 
PCP02 100 00 usee 
PU2 120 00 d8 
P U 2 19.00 dB 
SFO? 300.1315007 MHz 
- F2 - Processing parameters 
I 51 65536 
SF 75.4677062 MHz 
HDH EM 
i SSB 0 
• LB 3,00 HZ 
I GB 0 
I PC 0 .12 
10 NMR plot parameters 
CX 23.00 cm 
M P ？00.000 ppn 
I F! 15093.54 Hz 
丨、.[’ PPMCM 8.69565 oom/cm 
D^fn 广r.-”i-r]-厂 1 .1—「r T iT-r-i 丁「rn^  1『，--T.「. r.. i't，，t - r-yr T-r-T—t ~r-, --,-p r"： 广「T~r 了厂t-r—t-t~t 丁 i | i -y-r-^—tt -t 厂 ’一 了- ” _^飞-厂广广「t^i^t  - 1 A-^SB. 24091 Hz/CW _ . 160 140 ]?0 100 80 50 40 20 ‘ 
Table 1. Crystal data and structure refinement for P . 
Identification code wai343 
Empirical formula ^18^14^2 
Formula w e i g h t 262 .29 
T e m p e r a t u r e 293(2) K 
W a v e l e n g t h 0.71073 A 
Crystal system ORTHORHOMBIC 
Space group Pbcn 
o o 
U n i t cell dimensions a = 13.1602(10) A alpha = 90 
b = 14.9942(12) A beta = 9 0° 
c = 6.7936 (5) A gamma = 9 0° 
V o l u m e , Z 1340.56(18) A ^ , 4 
3 
D e n s i t y (calculated) 1.300 M g / m 
- 1 
A b s o r p t i o n c o e f f i c i e n t 0.084 m m 
F(OOO) 552 
C r y s t a l size 1.5 x 0.73 x 0.25 nun 
e range for data collection 2.06 to 27 .99° 
L i m i t i n g indices -17 s h < 12, -19 < k < 19, -8 < I < 8 
R e f l e c t i o n s collected 8297 
I n d e p e n d e n t reflections 1612 (R. = 0.0473) 
int 
C o m p l e t e n e s s to 9 = 2 7 . 9 9° 99.8 % 
A b s o r p t i o n c o r r e c t i o n SADABS 
M a x . and m i n . transmission 1.000 and 0.224262 
2 
R e f i n e m e n t m e t h o d F u l l - m a t r i x least-squares on F 
D a t a / r e s t r a i n t s / p a r a m e t e r s 1612 / 0 / 91 
2 
G o o d n e s s - o f - f i t on F 1.009 
F i n a l R indices [I>2or (I) ] R1 = 0 . 0538, wR2 = 0 .1512 
R indices (all data) R1 = 0.0750, wR2 = 0.1682 
L a r g e s t d i f f . p e a k and hole 0.284 and -0.186 eA ^ 
4 
T a b l e 2 . A t o m i c c o o r d i n a t e s [ x 10 ] and e q u i v a l e n t i s o t r o p i c 
。2 3 
d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] for P . U(eq) is d e f i n e d as 
one third of the trace of the o r t h o g o n a l ! z e d U^^ t e n s o r . 
X y z U (eq) 
0(1) 8868 (1) 1039(1) 1264 (2) 59 (1) 
C(l) 8790(1) 1942(1) 1394(2) 46(1) 
C(2) 8285(1) 2398(1) 2902(3) 56(1) 
C(3) 8246(1) 3311(1) 2840(3) 63(1) 
C{4) 8705(1) 3790(1) 1335(3) 56(1) 
C(5) 9226 (1) 3356 (1) -182 (2) 46 (1) 
C(6) 9247(1) 2419(1) -134(2) 42(1) 
C(7) 9767 (1) 2013 (1) -1746 (2) 46 (1) 
C(8) 9716 (1) 3938 (1) -1672 (3) 53 (1) 
C O ) 8579 (2) 515 (1) 2926 (3) 74 (1) 
。 o 
T a b l e 3 . B o n d lengths [A] and angles [ ] for P . 
0 ( 1 ) - C ( l ) 1.3602 (19) 0(1) -C(9) 1.427 (2) 
C ( l ) - C ( 6 ) 1.396(2) C(l)-C(2) 1.399(2) 
C ( 2 ) - C ( 3 ) 1.370 (3) C(3)-C(4) 1.388 (3) 
C ( 4 ) - C ( 5 ) 1.398(2) C{5)-C{6) 1.407(2) 
C ( 5 ) - C ( 8 ) 1.484(2) C(6)-C(7) 1.4283(19) 
C ( 7 ) - C ( 7 ) # l 1.193(3) C ( 8 ) - C ( 8 ) # l 1.351(4) 
C ( l ) - 0 ( 1 ) - C ( 9 ) 118.43 (14) 0 ( 1 ) - C ( l ) - C ( 6 ) 1 1 5 . 3 7 ( 1 3 ) 
0 ( 1 ) - C ( l ) - C ( 2 ) 124.76(14) C ( 6 ) - C ( 1 ) - C ( 2 ) 1 1 9 . 8 6 ( 1 5 ) 
C ( 3 ) - C ( 2 ) - C ( l ) 118.96(15) C ( 2 ) - C ( 3 ) - C ( 4 ) 1 2 1 . 5 1 ( 1 5 ) 
C ( 3 ) - C ( 4 ) - C ( 5 ) 121.05 (16) C { 4 ) - C ( 5 ) - C ( 6 ) 117.23 (14) 
C ( 4 ) - C ( 5 ) - C ( 8 ) 116.25(14) C ( 6 ) - C ( 5 ) - C ( 8 ) 1 2 6 . 5 1 ( 1 3 ) 
C ( l ) - C ( 6 ) - C ( 5 ) 121.36(13) C { 1 ) - C ( 6 ) - C ( 7 ) 1 2 3 . 9 4 ( 1 4 ) 
C ( 5 ) - C ( 6 ) - C ( 7 ) 114.70(13) C ( 7 ) # 1 - C ( 7 ) - C ( 6 ) 1 5 4 . 7 4 ( 8 ) 
C ( 8 ) # l - C ( 8 ) - C ( 5 ) 143.97(8) 
S y m m e t r y t r a n s f o r m a t i o n s u s e d to g e n e r a t e e q u i v a l e n t a t o m s : 
#1 - x + 2 , y , - z - 1 / 2 
。2 3 
T a b l e 4 . A n i s o t r o p i c d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] for P . 
T h e a n i s o t r o p i c d i s p l a c e m e n t factor e x p o n e n t takes the form: 
-27r^ [ (ha*) ^ U + ... + 2 h k a * b * U ] 
Am JL 丄 Z 
U l l U22 U3 3 U23 U13 U12 
0(1) 74 (1) 58 (1) 45 (1) 7 (1) 14 (1) 2 (1) 
C(l) 38(1) 62(1) 38(1) -1(1) -1(1) -1(1) 
C(2) 45(1) 78(1) 45(1) -5(1) 9(1) -5(1) 
C{3) 51(1) 78(1) 58(1) -21(1) 14(1) -3(1) 
C(4) 50(1) 57(1) 61(1) -15(1) 4(1) -1(1) 
C(5) 38(1) 58(1) 42(1) -6(1) -4(1) -1(1) 
C(6) 38(1) 54(1) 35(1) -3(1) -2(1) 2(1) 
C{7) 52(1) 46(1) 38(1) 2(1) 3(1) 0(1) 
C(8) 62(1) 45(1) 53(1) -4(1) -1(1) 2(1) 
C(9) 94(1) 73(1) 54(1) 13(1) 19(1) -12(1) 
4 
T a b l e 5. H y d r o g e n c o o r d i n a t e s ( x 10 ) and i s o t r o p i c 
。2 3 
d i s p l a c e m e n t p a r a m e t e r s (A x 10 ) for P . 
X y z U (eq) 
H(2A) 7982 2087 3929 67 
H(3A) 7904 3617 3830 75 
H(4A) 8666 4409 1335 67 
H(8) 9579 4528 -1340 64 
H(9A) 8668 -106 2626 111 
H(9B) 7879 627 3237 111 
H O C ) 8996 671 4033 111 
T > 

Table 1. Crystal data and structure refinement for p . 
Identification code cwhOOS 
E m p i r i c a l formula C H O 
22 18 3 
Formula w e i g h t 330.36 
T e m p e r a t u r e 293(2) K 
W a v e l e n g t h 0.71073 A 
Crystal system Triclinic 
Space group p i 
U n i t cell dimensions a = 9.2866(7) A alpha = 6 3 . 3 6 6 ( 2 )° 
b = 13.7318(11) A beta = 89.427 (2)° 
c = 14.4373(12) A gamma = 8 7 . 4 0 0 ( 2 )° 
V o l u m e , Z 1643 .9 (2) A ^ , 4 
D e n s i t y (calculated) 1.335 Mg/m^ 
- 1 
A b s o r p t i o n c o e f f i c i e n t 0.088 m m 
F (000) 696 
C r y s t a l size 1.51 x 0.38 x 0.26 m m 
e range for data collection 1.58 to 2 8 . 1 1° 
Lim i t i n g indices -12 < h s 12, -16 < k < 18, -12 < I < 19 
R e f l e c t i o n s c o l l e c t e d 11308 
I n d e p e n d e n t reflections 7866 (R. = 0.0231) 
int o 
C o m p l e t e n e s s to 9 = 28.11 97.8 % 
A b s o r p t i o n c o r r e c t i o n Sadabs 
M a x . and m i n . transmission 1.000000 and 0 . 633345 
2 
R e f i n e m e n t m e t h o d F u l l - m a t r i x least-squares on F 
D a t a / r e s t r a i n t s / p a r a m e t e r s 7866 / 0 / 451 
2 
G o o d n e s s - o f - f i t on F 0.989 
Final R indices [I>2a(I)] Rl = 0.0504, wR2 = 0.1331 
R indices (all data) Rl = 0.0843, wR2 = 0.1573 
L a r g e s t d i f f . p e a k and hole 0.284 and -0.186 eA ^ 
4 
T a b l e 2 . A t o m i c c o o r d i n a t e s [ x 10 ] and e q u i v a l e n t i s o t r o p i c 
o 2 3 
d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] for p . U(eq) is d e f i n e d as 
one third of the trace of the o r t h o g o n a l ! z e d U• , t e n s o r . 
iJ 
X y z U(eq) 
C(l) -2941 (3) 5695 (2) 945 (2) 67 (1) 
C(l') 7763 (3) 4274 (2) 4128 (2) 62 (1) 
C(2) -3581(2) 4715(2) 1303(2) 56(1) 
C(2') 6980(2) 5250(2) 3774(2) 53(1) 
C(3) -2738(2) 3740(1) 1732(1) 39(1) 
C O M 7673 (2) 6236 (1) 3315 (1) 38 (1) 
C{4) -1241(2) 3772(1) 1770(1) 35(1) 
C(4') 9177 (2) 6224 (1) 3256 (1) 34 (1) 
C(5) -620 (2) 4794(2) 1372 (1) 42 (1) 
C(5') 9945 (2) 5207 (1) 3635 (1) 41 (1) 
C(6) -1473(3) 5745(2) 974(2) 57(1) 
C(6') 9240(2) 4250(2) 4059(2) 54(1) 
C{7') 10024 (2) 7206 (1) 2916 (1) 34 (1) 
C{7) -255(2) 2796(1) 2108(1) 35(1) 
C(8') 9999 (2) 8089 (1) 2018 (1) 33 (1) 
C(8) -192(2) 1909(1) 3005(1) 32(1) 
C{9) -1067 (2) 1644 (1) 3939 (1) 30 (1) 
C(9') 9112(2) 8347(1) 1084(1) 31(1) 
C(10) -2566 (2) 1570 (1) 3962 (1) 32 (1) 
C(IO') 7604 (2) 8397 (1) 1071 (1) 34(1) 
C(ll) -3420(2) 1833(1) 3024(1) 35(1) 
C(ll') 6762 (2) 8139 (1) 2012 (1) 35 (1) 
C(12) -3484 (2) 2718 (1) 2116 (1) 37 (1) 
C(12' ) 6786 (2) 7256 (2) 2927 (1) 37 (1) 
C(13) -332 (2) 1356 (1) 4880 (1) 33 (1) 
C(13') 9832(2) 8632(1) 142(1) 34(1) 
C(14) -1059(2) 1034(1) 5806(1) 38(1) 
C(14' ) 9078(2) 8933(1) -775(1) 40(1) 
C(15) -2541(2) 965(2) 5809(1) 44(1) 
C(15' ) 7591(2) 8981(2) -774(1) 46(1) 
C(16) -3284 (2) 1215 (2) 4910 (1) 42 (1) 
C(16' ) 6855 (2) 8734 (2) 133 (1) 43 (1) 
C(17) 1564 (3) 5757(2) 1014 (2) 67(1) 
C(17') 12235(3) 4273(2) 3849(2) 72(1) 
. C ( 1 8 ) 1940(2) 1212(2) 5703(2) 52(1) 
C(18' ) 12107(2) 8791(2) -687(2) 55(1) 
C(19) -4810(2) 2574(2) 1557(2) 45(1) 
C(19' ) 5416(2) 7407(2) 3478(2) 47(1) 
C(20) -6158 (2) 2684 (2) 2131(2) 54 (1) 
C ( 2 0 M 4104 (2) 7302 (2) 2900 (2) 55 (1) 
C(21) -6098(2) 1812(2) 3032(2) 53(1) 
C ( 2 1 ' ) 4083(2) 8168(2) 2003(2) 53(1) 
C(22) -4718(2) 1172(2) 3006(2) 42(1) 
C(22') 5379(2) 8803(2) 2029(1) 43(1) 
0(3) -4709(1) 1407(1) 1932(1) 46(1) 
0(3') 5383(1) 8573(1) 3102(1) 49(1) 
0(1) 845(2) 4753(1) 1432(1) 54(1) 
0(1') 11405 (1) 5267 (1) 3535 (1) 52 (1) 
广、、；.0(2) , , , 1125(1) 1454 (1) 4792 (1) 44 (1) 
0 ( 2 ' ) 11297(1) 8570(1) 220(1) 45(1) 
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 c(l、) 丨  
c(6、)  1.37  办 (3) 
c(2)-c(3)  1.401(3)  c(2、
)_c(3、)  1.398(3) 












c(4)—c(5)  1.407(2) c(4)—c(7)
 
1.478(2) 





 C  (办、 )—c(7,)  1.^7
5(2)
 












 c(7)—c(8) 1.321(2) 
c(8、) 丨  
C
 (泊、 )  1.-18
0(2)  c(8)—
c
 (泊)  1.^75(2
) 























c(ll)—c(12)  1.329(2)  c(ll)-c(22) 1.549(2) 
c(ll、 ) -c(1
2、

















1.3618(19) C (13、) -C (14、)  1.384(2) 
c(14)-c
(15)





c(15)-c(16)  1.370(3)  c(15、 ) -c(16、 )  1.379(3) 
c(17)-0(l)  1.428(2) c(17、)_
0(l、) 
1.421(2) 
c(18)-0(2)  1.421(2) c(18、)-0(
2、) 1.420(2) 












c(20)-c(21)  1.314(3)  c(20、 ) -c(21、 )  1.308(3) 













c(2、 ) -c(l、 ) -c(6、 ) 120.69(19) 







C (4) _c (3) _c (12) 12
2.66(1
5) 

















c(3)-c(4)-c(5) 118.56(16)  C (3) -C (4) -C (7)  123.63(15) 
c(5)-c(4)-c(7) 117.51(15)
 
C (3、) —c (4、) -C (5、)  118.46(16) 
c(3、 ) —c(4、 ) -c(7、 ) 123.84(15) C (5、) -C (4、) —c (7、)  117.41(15)
 















) -c(l、 ) 119
.84(19
) 
c(8、 ) -c(7、 ) -c(4、 )  129.40(15)  C (8) -C (7) -C (4)  129.11(15
) 




C (10) -C (9) _c (8) 123.99(14) 
c(13)-c
(9)





























C (9) —c (10) -C (11) 1
22.06
(14) 
c(16) 丨 c(10) 丨 c(ll)  11
8.36(1
-4) 
C  (16  ,  ) —c  (10、) —c  (边、)  11  泊.81(15) 








 123  .  08  (15)  C  (12、)  _c  (11、)  -C  (10、)  131.27(15) 
c(12、 ) -c(ll、 )  -222
、)
 104.61(14)
 C  (10
、
)
-C  (11、)  -C  (22、)  122
.99
 (15) 















-C  (3、)  131
.11(1
6) 
C ( 1 1 ' ) - C ( 1 2 ' ) - C ( 1 9 ' ) 104.44 (15) C ( 3 ' ) - C ( 1 2 ' ) - C ( 1 9 ' ) 123.43 (15) 
0 ( 2 ) - C ( 1 3 ) - C ( 1 4 ) 123.76 (15) 0 ( 2 ) - C ( 1 3 ) - C ( 9 ) 114.58 (14) 
C ( 1 4 ) - C ( 1 3 ) - C ( 9 ) 121.64 (15) O ( 2 ' ) - C ( 1 3 ' ) - C ( 1 4 ' ) 124.07 (15) 
0 ( 2 ' ) - C ( 1 3 ' ) - C ( 9 ' ) 114.68(14) C ( 1 4 ' ) - C ( 1 3 ' ) - C ( 9 ' ) 121.24 (15) 
C ( 1 3 ) - C ( 1 4 ) - C ( 1 5 ) 119.11 (16) C ( 1 5 ' ) - C ( 1 4 ' ) - C ( 1 3 ' ) 119.65 (16) 
C ( 1 6 ) - C ( 1 5 ) - C ( 1 4 ) 120.66 (16) C ( 1 4 ' ) - C ( 1 5 ' ) - C ( 1 6 ' ) 120.38 (16) 
C(15) - C { 1 6 ) - C ( I O ) 120 .83 (16) C ( 1 5 ' ) - C ( 1 6 ' ) - C ( 1 0 ' ) 120 .56 (16) 
0(3) - C ( 1 9 ) - C ( 2 0 ) 100.01 (15) 0 ( 3 ) - C ( 1 9 ) - C { 1 2 ) 99.76 (13) 
C ( 2 0 ) - C ( 1 9 ) - C ( 1 2 ) 107.64 (15) 0 ( 3 ' ) - C ( 1 9 ' ) - C { 2 0 ' ) 100 .09 (15) 
0 ( 3 ' ) - C ( 1 9 ' ) -C(12') 99.63 (13) C ( 2 0 ' ) - C ( 1 9 ' ) - C ( 1 2 ' ) 107.78 (15) 
C ( 2 1 ) - C ( 2 0 ) - C ( 1 9 ) 105.05 (16) C ( 2 1 ' ) - C ( 2 0 ' ) - C ( 1 9 ' ) 105.07 (18) 
C ( 2 0 ) - C ( 2 1 ) - C ( 2 2 ) 105.20 (17) C ( 2 0 ' ) - C ( 2 1 ' ) - C ( 2 2 ' ) 105.33 (17) 
0 ( 3 ) - C ( 2 2 ) - C ( 2 1 ) 100.20 (14) 0 ( 3 ) - C ( 2 2 ) - C ( l l ) 99.46 (13) 
C ( 2 1 ) - C { 2 2 ) - C ( l l ) 107.84 (15) 0 ( 3 ' ) - C ( 2 2 ' ) - C ( 2 1 ' ) 100.20 (15) 
0 ( 3 ' ) - C ( 2 2 ' ) - C ( 1 1 ' ) 99.67 (13) C ( 2 1 ' ) - C ( 2 2 ' ) - C ( 1 1 ' ) 107.85 (15) 
C ( 2 2 ) - 0 ( 3 ) - C ( 1 9 ) 94.54(13) C { 2 2 ' ) - 0 ( 3 ' ) - C ( 1 9 ' ) 9 4 . 4 3 ( 1 4 ) 
C ( 5 ) - 0 ( 1 ) - C ( 1 7 ) 118.29 (17) C ( 5 ' ) - 0 ( 1 ' ) - C ( 1 7 ' ) 117.55 (17) 
C ( 1 3 ) - 0 ( 2 ) - C ( 1 8 ) 118.03 (14) C ( 1 3 ' ) - 0 ( 2 ' ) - C ( 1 8 ' ) 118.24 (14) 
S y m m e t r y t r a n s f o r m a t i o n s u s e d to g e n e r a t e e q u i v a l e n t a t o m s : 
。2 3 
T a b l e 4 . A n i s o t r o p i c d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] for p . 
The a n i s o t r o p i c d i s p l a c e m e n t factor e x p o n e n t takes the form： 
2 * 2 * * 
-2n [ (ha ) U + … + 2hka b U ] 
丄丄 丄Z 
U l l U22 U33 U23 U13 U12 
C (1) 78 (2) 42 (1) 70 (2) -17 (1) -26 (1) 12 (1) 
C(l') 83(2) 38(1) 59(1) -15(1) 3(1) -18(1) 
C(2) 52(1) 49(1) 60(1) -19(1) -17(1) 9(1) 
C(2') 51(1) 49(1) 55(1) -19(1) 5(1) -16(1) 
C(3) 42 (1) 40 (1) 34 (1) -16 (1) -6 (1) 2 (1) 
C(3') 42 (1) 39 (1) 32 (1) -16 (1) 1 (1) -4 (1) 
C(4) 45 (1) 33 (1) 26 (1) -13 (1) -2 (1) -3 (1) 
C(4') 41(1) 34(1) 28(1) -15(1) -2(1) 1(1) 
C(5) 55(1) 41(1) 31(1) -15(1) -1(1) -8(1) 
C(5') 54(1) 37(1) 33(1) -17(1) -5(1) 4(1) 
C(6) 84 (2) 33 (1) 49(1) -14 (1) -10 (1) -8 (1) 
C(6') 71(1) 37(1) 51(1) -17(1) -8(1) 4(1) 
C ( 7 ' ) 29 (1) 42 (1) 36 (1) -22(1) -4 (1) 4 (1) 
C(7) 32(1) 42(1) 36(1) -20(1) 5(1) -6(1) 
C(8') 27(1) 36(1) 40(1) -21(1) 1(1) -2(1) 
C(8) 27(1) 36(1) 38(1) -20(1) 0(1) -1(1) 
C (9) 29 (1) 28 (1) 33 (1) -14 (1) 0 (1) -1 (1) 
C(9') 30(1) 28(1) 35(1) -16(1) -1(1) -2(1) 
C(10) 30 (1) 32 (1) 37 (1) -16 (1) -1 (1) 0 (1) 
C(IO') 31 (1) 32 (1) 39 (1) -16 (1) 0 (1) -1 (1) 
C(ll) 24(1) 41(1) 43(1) -21(1) 0(1) -2(1) 
C(ll') 25(1) 40(1) 42(1) -20(1) -1(1) -2(1) 
C(12) 29(1) 44(1) 39(1) -21(1) -4(1) 3(1) 
C(12' ) 29(1) 46(1) 40(1) -21(1) 2(1) -6(1) 
C(13) 33(1) 31(1) 39(1) -17(1) -3(1) -1(1) 
C(13' ) 33 (1) 32 (1) 39 (1) -19 (1) 2 (1) -3 (1) 
C(14) 45(1) 38(1) 32(1) -17(1) -4(1) 1(1) 
C(14' ) 48(1) 40(1) 34(1) -17(1) 4(1) -6(1) 
C(15) 45 (1) 48 (1) 37 (1) -17 (1) 8(1) -2 (1) 
C(15') 49 (1) 49 (1) 36 (1) -17 (1) -10 (1) -3 (1) 
C(16) 29(1) 49(1) 44(1) -18(1) 6(1) -4(1) 
C{16' ) 33(1) 46(1) 45(1) -17(1) -7(1) -1(1) 
C(17) 79(2) 58(1) 62(1) -22(1) 13(1) -34(1) 
C(17' ) 69 (2) 61 (2) 81 (2) -29 (1) -19 (1) 32 (1) 
C(18) 40(1) 69(1) 55(1) -35(1) -15(1) 6(1) 
C(18') 47 (1) 70 (1) 57 (1) -35 (1) 20 (1) -12 (1) 
C(19) 36(1) 53(1) 47(1) -23(1) -7(1) 1(1) 
C(19') 34(1) 60 (1) 46 (1) -24 (1) 8 (1) -5 (1) 
C(20) 29(1) 69(1) 70(1) -37(1) -10(1) 8(1) 
C(20' ) 29(1) 73(2) 67(1) -34(1) 8(1) -12(1) 
C(21) 26(1) 80(2) 63(1) -41(1) 3(1) -4(1) 
C(21' ) 26(1) 78(2) 62(1) -37(1) -5(1) 1(1) 
C(22) 30 (1) 50 (1) 48 (1) -24 (1) 0 (1) -5 (1) 
C(22') 29(1) 51(1) 48(1) -23(1) 0(1) 4(1) 
0(3) 37 (1) 57 (1) 54 (1) -33 (1) -4 (1) -4 (1) 
0(3') 37 (1) 62 (1) 58 (1) -36 (1) 4 (1) 3 (1) 
0(1) 56(1) 45(1) 58(1) -20(1) 7(1) -20(1) 
0 ( 1 ' ) 48 (1) 47 (1) 60 (1) -23(1) -9 (1) 16(1) 
« 
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T a b l e 5. H y d r o g e n c o o r d i n a t e s ( x 10 ) and i s o t r o p i c 
。2 3 
d i s p l a c e m e n t p a r a m e t e r s (A x 10 ) for p . 
X y z U(eq) 
H{1A) -3513 6337 679 80 
H(l'A) 7288 3623 4416 74 
H(2A) -4578 4697 1260 67 
H(2'A) 5983 5254 3841 63 
H(6A) -1054 6417 727 68 
H{6'A) 9760 3586 4298 65 
H(7'A) 10671 7202 3405 41 
H(7A) 415 2808 1621 42 
H(8'A) 10623 8623 1965 40 
H{8A) 502 1377 3055 39 
H(14A) -558 867 6417 46 
H(14B) 9570 9102 -1388 48 
H ( 1 5 A ) -3037 746 6428 53 
H(15B) 7081 9182 -1389 55 
H(16A) -4277 1148 4928 50 
H(16B) 5853 8791 122 51 
H(17A) 2586 5607 1106 101 
H(17B) 1250 6177 1367 101 
H ( 1 7 C ) 1338 6160 289 101 
H(17D) 13238 4424 3737 108 
H(17E) 11945 3911 3450 108 
H(17F) 12083 3811 4 5 7 1 108 
H ( 1 8 A ) 2941 1318 5532 78 
H(18B) 1818 468 6197 78 
H ( 1 8 C ) 1612 1687 5995 78 
H ( 1 8 D ) 13118 8714 -521 83 
H(18E) 11875 9521 -1202 83 
H ( 1 8 F ) 11877 8286 -949 83 
H(19A) -4840 3006 802 54 
H(19B) 5413 6976 4233 56 
H(20) -6865 3245 1894 65 
H ( 2 0 ' ) 3461 6742 3135 66 
H(21) -6754 1624 3569 63 
H(21' ) 3 4 2 1 8358 1464 64 
H ( 2 2 A ) -4667 397 3502 50 









Table 1. Crystal data and structure refinement for P . 
Identification code w a i 3 4 1 
E m p i r i c a l formula C H O 
A A X O fl A 
Formula w e i g h t 631.99 
T e m p e r a t u r e 293(2) K 
W a v e l e n g t h 0.71073 A 
C r y s t a l system TRICLINIC 
Space group Pi 
U n i t cell dimensions a = 9.3966(13) A alpha = 7 7 . 6 4 9 ( 3 )° 
b = 9 .8976 (14) A beta = 83 .701 (3)° 
c = 12.4561(17) A gamma = 7 0 . 8 8 8 ( 3 )° 
V o l u m e , Z 1068.3(3) A ^ , 2 
D e n s i t y (calculated) 1.965 Mg/m^ 
- 1 
A b s o r p t i o n c o e f f i c i e n t 7.550 m m 
F(OOO) 608 
C r y s t a l size 0.725 x 0.671 x 0.192 m m 
e range for data collection 1.68 to 2 8 . 0 7° 
Limi t i n g indices -8 < h < 12, -11 < k s 13, -16 < I < 16 
R e f l e c t i o n s c o l l e c t e d 7260 
I n d e p e n d e n t r e f l e c t i o n s 5062 (R. = 0.0578) 
int 
C o m p l e t e n e s s to 6 = 2 8 . 0 7° 97.6 % 
A b s o r p t i o n c o r r e c t i o n SADABS 
M a x . and m i n . transmission 1.000 and -0.575525 
2 
R e f i n e m e n t m e t h o d F u l l - m a t r i x least-squares on F 
D a t a / r e s t r a i n t s / p a r a m e t e r s 5062 / 0 / 253 
2 
G o o d n e s s - o f - f i t on F 1.059 
F i n a l R indices [I>2a(I)] R1 = 0.0911, wR2 = 0.2641 
R indices (all data) R1 = 0.1294, wR2 = 0.3050 。_3 L a r g e s t d i f f . p e a k and hole 1.885 and -1.572 eA 
4 
T a b l e 2 . A t o m i c c o o r d i n a t e s [ x 10 ] a n d e q u i v a l e n t i s o t r o p i c 
。2 3 
d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] for P . U ( e q ) is d e f i n e d as 
o n e t h i r d of the t r a c e of the o r t h o g o n a l i z e d U , , t e n s o r . 
1] 
X y z U (eq) 
B r ( 1 ) 3 8 4 3 ( 1 ) 6 9 2 3 ( 2 ) 2 1 6 4 ( 1 ) 7 5 ( 1 ) 
B r ( 2 ) 5683 (1) 6717 (1) 4552 (1) 58 (1) 
B r ( 3 ) 8843 (2) 1965 (2) 167 (1) 77 (1) 
B r ( 4 ) 1 1 2 0 1 ( 1 ) 7 4 3 ( 1 ) 3269 (1) 58 (1) 
C ( l ) 6026 (9) 6497 (11) 2 2 7 2 ( 7 ) 48 (2) 
C ( 2 ) 6532 (10) 5 5 8 8 (11) 3397 (7) 46 (2) 
C ( 3 ) 8 2 3 8 ( 9 ) 4 8 8 9 ( 1 0 ) 3 4 2 1 ( 7 ) 3 9 ( 2 ) 
C { 4 ) 8782 (9) 3416 (10) 3339 (6) 37 (2) 
C { 5 ) 7 7 0 5 ( 9 ) 2 7 0 0 ( 9 ) 3 1 0 0 ( 7 ) 3 6 ( 2 ) 
C ( 6 ) 6928 (10) 3255 (12) 2140 (8) 48 (2) 
C ( 7 ) 7 2 9 9 (9) 4364 (11) 1257 (7) 44 (2) 
C ( 8 ) 6835 (9) 5832 (11) 1306 (7) 45 (2) 
C ( l l ) 1 0 3 0 7 ( 1 0 ) 2 7 6 3 ( 1 0 ) 3 4 3 7 ( 7 ) 4 3 ( 2 ) 
C ( 1 2 ) 1 1 2 9 1 ( 1 0 ) 3 4 3 7 ( 1 0 ) 3 5 7 9 ( 7 ) 4 6 ( 2 ) 
C ( 1 3 ) 1 0 7 6 8 (10) 4 9 0 0 (11) 3582 (8) 49 (2) 
C ( 1 4 ) 9227 (11) 5657 (10) 3 4 7 6 (7) 43 (2) 
C ( 1 5 ) 9616 (15) 7 9 1 5 (16) 3323 (13) 89 (5) 
C ( 2 1 ) 5 8 3 2 ( 1 4 ) 2 6 4 6 ( 1 5 ) 1 9 7 0 ( 1 1 ) 7 1 ( 3 ) 
C ( 2 2 ) 5 5 1 6 (14) 1568 (15) 2 6 9 5 (14) 77 (4) 
C ( 2 3 ) 6300 (14) 1 0 1 4 ( 1 2 ) 3 6 4 8 (13) 79 (4) 
C ( 2 4 ) 7 3 7 9 ( 1 3 ) 1 5 8 3 ( 1 2 ) 3879(10) 6 3 ( 3 ) 
C ( 3 1 ) 8 0 7 1 ( 1 2 ) 4 0 0 4 ( 1 2 ) 3 0 1 ( 8 ) 5 7 ( 3 ) 
C ( 3 2 ) 8 4 1 4 ( 1 3 ) 4 9 2 1 ( 1 1 ) - 5 7 6 ( 8 ) 6 1 ( 3 ) 
C { 3 3 ) 7944 (13) 6379 (15) -526 (9) 6 9 ( 3 ) 
C ( 3 4 ) 7154 (10) 6889 (13) 394 (8) 54 (3) 
C ( 3 5 ) 6 8 3 7 ( 1 4 ) 9 3 9 8 ( 1 4 ) - 3 5 2 ( 1 2 ) 7 9 ( 4 ) 
0 ( 1 ) 6640 (9) 8269 (9) 550 (7) 7 1 (2) 
0 ( 2 ) 8 6 3 2 ( 8 ) 7 1 3 0 ( 8 ) 3 3 7 7 ( 7 ) 5 9 ( 2 ) 
O O 
T a b l e 3 . B o n d l e n g t h s [A] a n d a n g l e s [ ] for P . 
B r ( 1 ) - C ( l ) 1 . 9 6 9 ( 8 ) B r ( 2 ) - C ( 2 ) 1 . 9 5 1 ( 9 ) 
B r ( 3 ) - C ( 3 1 ) 1 . 9 4 6 ( 1 1 ) B r ( 4 ) - C ( l l ) 1 . 9 4 6 ( 1 0 ) 
C ( l ) - C ( 8 ) 1 . 5 0 7 ( 1 3 ) C ( l ) - C ( 2 ) 1 . 5 2 5 ( 1 3 ) 
C ( 2 ) - C ( 3 ) 1 . 5 2 5 ( 1 1 ) C ( 3 ) - C ( 1 4 ) 1 . 3 9 4 ( 1 3 ) 
C ( 3 ) - C ( 4 ) 1 . 4 0 0 ( 1 2 ) C ( 4 ) - C ( l l ) 1 .373 (12 ) 
C ( 4 ) - C ( 5 ) 1 . 4 9 8 (11) C { 5 ) - C ( 6 ) 1 . 3 8 2 (13) 
C ( 5 ) - C ( 2 4 ) 1 . 3 9 8 ( 1 2 ) C ( 6 ) - C ( 2 1 ) 1 . 4 0 7 ( 1 3 ) 
C ( 6 ) - C ( 7 ) 1 . 4 7 8 ( 1 3 ) C ( 7 ) - C ( 3 1 ) 1 . 3 7 7 ( 1 4 ) 
C ( 7 ) - C ( 8 ) 1.386 (14) C ( 8 ) - C { 3 4 ) 1 . 4 4 8 (13) 
C ( l l ) - C ( 1 2 ) 1 . 3 5 0 ( 1 3 ) C ( 1 2 ) - C ( 1 3 ) 1 . 3 6 9 (13) 
C ( 1 3 ) - C ( 1 4 ) 1 . 4 0 2 ( 1 3 ) C ( 1 4 ) - 0 ( 2 ) 1 . 3 6 3 ( 1 1 ) 
C ( 1 5 ) - 0 ( 2 ) 1 . 3 7 8 ( 1 3 ) C ( 2 1 ) - C ( 2 2 ) 1 . 3 3 4 ( 1 8 ) 
C ( 2 2 ) - C ( 2 3 ) 1.38 (2) C ( 2 3 ) - C ( 2 4 ) 1 . 3 9 1 (17) 
C ( 3 1 ) - C ( 3 2 ) 1 . 3 4 5 ( 1 6 ) C { 3 2 ) - C { 3 3 ) 1 . 3 7 8 ( 1 6 ) 
C ( 3 3 ) - C ( 3 4 ) 1 . 3 9 1 (16) C ( 3 4 ) - 0 ( 1 ) 1 . 3 4 1 ( 1 3 ) 
C { 3 5 ) - 0 ( 1 ) 1 . 4 4 9 ( 1 3 ) 
C ( 8 ) - C ( l ) - C ( 2 ) 1 1 5 . 0 ( 8 ) C { 8 ) - C ( l ) - B r ( 1 ) 1 0 8 . 8 ( 6 ) 
C ( 2 ) - C ( l ) - B r ( 1 ) 1 1 0 . 3 ( 6 ) C ( 1 ) - C ( 2 ) - C ( 3 ) 1 1 2 . 2 ( 7 ) 
C ( l ) - C ( 2 ) - B r ( 2 ) 1 1 0 . 7 ( 6 ) C ( 3 ) - C ( 2 ) - B r ( 2 ) 1 1 3 . 7 ( 6 ) 
C ( 1 4 ) - C ( 3 ) - C ( 4 ) 1 2 0 . 9 ( 8 ) C ( 1 4 ) - C ( 3 ) - C ( 2 ) 1 2 3 . 2 ( 8 ) 
C ( 4 ) - C { 3 ) - C ( 2 ) 1 1 5 . 9 ( 8 ) C ( 1 1 ) - C ( 4 ) - C ( 3 ) 1 1 5 . 8 ( 8 ) 
C ( l l ) - C ( 4 ) - C ( 5 ) 1 2 5 . 2 ( 8 ) C ( 3 ) - C ( 4 ) - C ( 5 ) 1 1 8 . 9 ( 7 ) 
C ( 6 ) - C ( 5 ) - C ( 2 4 ) 1 2 0 . 4 ( 9 ) C ( 6 ) - C ( 5 ) - C { 4 ) 1 1 8 . 7 ( 7 ) 
C ( 2 4 ) - C ( 5 ) - C ( 4 ) 1 2 0 . 6 ( 8 ) C ( 5 ) - C ( 6 ) - C ( 2 1 ) 1 1 8 . 0 ( 1 0 ) 
C ( 5 ) - C ( 6 ) - C ( 7 ) 1 2 2 . 5 ( 8 ) C ( 2 1 ) - C ( 6 ) - C ( 7 ) 1 1 9 . 3 (9) 
C ( 3 1 ) - C ( 7 ) - C ( 8 ) 1 1 5 . 5 ( 9 ) C ( 3 1 ) - C { 7 ) - C { 6 ) 1 2 1 . 5 (9) 
C ( 8 ) - C ( 7 ) - C ( 6 ) 1 2 2 . 9 ( 8 ) C ( 7 ) - C ( 8 ) - C ( 3 4 ) 1 2 0 . 9 ( 9 ) 
C ( 7 ) - C ( 8 ) - C ( l ) 1 2 5 . 9 (8) C ( 3 4 ) - C ( 8 ) - C ( 1 ) 1 1 3 . 1 ( 9 ) 
C ( 1 2 ) - C ( l l ) - C ( 4 ) 1 2 5 . 1 ( 9 ) C ( 1 2 ) - C ( l l ) - B r ( 4 ) 1 1 5 . 4 ( 7 ) 
C ( 4 ) - C ( l l ) - B r ( 4 ) 1 1 9 . 4 ( 7 ) C ( 1 1 ) - C ( 1 2 ) - C ( 1 3 ) 1 1 8 . 8 ( 8 ) 
C ( 1 2 ) - C ( 1 3 ) - C ( 1 4 ) 1 1 9 . 9 ( 8 ) O ( 2 ) - C ( 1 4 ) - C ( 3 ) 1 1 7 . 2 ( 8 ) 
0 ( 2 ) - C ( 1 4 ) - C ( 1 3 ) 1 2 3 . 6 ( 9 ) C ( 3 ) - C ( 1 4 ) - C ( 1 3 ) 1 1 9 . 1 ( 8 ) 
C ( 2 2 ) - C ( 2 1 ) - C ( 6 ) 1 2 2 . 6 ( 1 2 ) C ( 2 1 ) - C ( 2 2 ) - C ( 2 3 ) 1 1 9 . 1 ( 1 1 ) 
C ( 2 2 ) - C ( 2 3 ) - C ( 2 4 ) 1 2 1 . 3 ( 1 1 ) C ( 2 3 ) - C ( 2 4 ) - C ( 5 ) 1 1 8 . 5 ( 1 2 ) 
C ( 3 2 ) - C ( 3 1 ) - C ( 7 ) 1 2 6 . 9 (10) C ( 3 2 ) - C ( 3 1 ) - B r ( 3 ) 1 1 4 . 1 ( 7 ) 
C ( 7 ) - C ( 3 1 ) - B r (3) 1 1 9 . 0 ( 8 ) C ( 3 1 ) - C ( 3 2 ) - C ( 3 3 ) 1 1 7 . 3 ( 9 ) 
C ( 3 2 ) - C { 3 3 ) - C ( 3 4 ) 1 2 1 . 6 (10) O ( 1 ) - C ( 3 4 ) - C ( 3 3 ) 1 2 7 . 6 (10) 
0 ( 1 ) - C ( 3 4 ) - C ( 8 ) 1 1 4 . 7 ( 9 ) C ( 3 3 ) - C ( 3 4 ) - C ( 8 ) 1 1 7 . 7 ( 1 1 ) 
C ( 3 4 ) - 0 ( 1 ) - C ( 3 5 ) 1 1 7 . 8 ( 9 ) C ( 1 4 ) - O ( 2 ) - C ( 1 5 ) 1 1 7 . 7 ( 9 ) 
S y m m e t r y t r a n s f o r m a t i o n s u s e d to g e n e r a t e e q u i v a l e n t a t o m s : 
。2 3 
T a b l e 4 . A n i s o t r o p i c d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] for P . 
T h e a n i s o t r o p i c d i s p l a c e m e n t f a c t o r e x p o n e n t t a k e s the f o r m : 
-2Tr^ [ (ha*) ^ U + … + 2 h k a * b * U ] 
丄丄 X A 
U l l U 2 2 U33 U 2 3 U 1 3 U 1 2 
B r ( 1 ) 3 1 ( 1 ) 1 0 8 ( 1 ) 7 4 ( 1 ) -1(1) -8(1) - 1 4 ( 1 ) 
B r ( 2 ) 5 2 ( 1 ) 80(1) 50(1) -24(1) 1 7 ( 1 ) - 3 1 ( 1 ) 
B r ( 3 ) 6 7 ( 1 ) 89(1) 7 7 ( 1 ) -36(1) - 1 1 ( 1 ) - 1 4 ( 1 ) 
B r ( 4 ) 5 0 ( 1 ) 52(1) 66(1) 4(1) 0(1) - 1 7 ( 1 ) 
C ( l ) 28 (4) 65(6) 46 (5) -9 (4) 1 (4) -12 (4) 
C ( 2 ) 3 7 ( 5 ) 61(6) 4 1 ( 4 ) -7(4) 3(4) - 2 2 ( 4 ) 
C ( 3 ) 29 (4) 53 (5) 35 (4) -10 (4) 0 (3) -13 (3) 
C ( 4 ) 37 (4) 53 (5) 27 (4) 0 (3) -2 (3) -28 (4) 
C { 5 ) 27 (4) 37 (4) 44 (4) -5 (3) 5 (3) -13 (3) 
C ( 6 ) 38 (5) 70 (6) 47 (5) -15 (4) 0 (4) -30 (4) 
C ( 7 ) 27 (4) 7 1 ( 6 ) 38 (4) -9 (4) -9(3) -18 (4) 
C ( 8 ) 3 1 ( 4 ) 64 (6) 34 (4) 6 (4) -7 (3) -16 (4) 
C ( l l ) 43 (5) 49 (5) 34 (4) 6 (4) 0 (4) -18 (4) 
C ( 1 2 ) 3 1 ( 4 ) 56(5) 4 7 ( 5 ) -11(4) -7(4) - 6 ( 4 ) 
C ( 1 3 ) 40 (5) 7 1 (6) 50 (5) -17 (5) -1(4) -34 (4) 
C ( 1 4 ) 49 (5) 49 (5) 36 (4) -10 (4) 1 (4) -20 (4) 
C ( 1 5 ) 7 0 ( 9 ) 90(9) 1 2 7 ( 1 3 ) -52(9) 4 7 ( 8 ) - 5 0 ( 8 ) 
C ( 2 1 ) 6 2 ( 7 ) 95(9) 84(8) - 3 8 ( 7 ) 5(6) - 5 3 ( 7 ) 
C ( 2 2 ) 62 (7) 70 (8) 122 (12) -39 (8) 18 (8) -44 (6) 
C ( 2 3 ) 6 2 ( 7 ) 4 7 ( 6 ) 1 3 1 ( 1 2 ) -14(7) 4 8 ( 8 ) - 3 7 ( 5 ) 
C ( 2 4 ) 6 7 ( 7 ) 5 2 ( 6 ) 65(7) 1(5) 2 0 ( 5 ) - 2 7 ( 5 ) 
C ( 3 1 ) 5 3 ( 6 ) 69(7) 45 (5) -13 (5) -10 (4) -8 (5) 
C ( 3 2 ) 79 (7) 4 6 ( 5 ) 47 (5) -26 (5) 1 1 (5) 1(5) 
C ( 3 3 ) 6 6 ( 7 ) 98(9) 4 4 ( 5 ) 5(6) - 2 ( 5 ) - 3 8 ( 6 ) 
C ( 3 4 ) 36 (5) 79 (7) 40 (5) 2(5) -3 (4) -17 (5) 
C { 3 5 ) 57(7) 68(8) 1 0 1 ( 1 0 ) 20(7) 5(6) -31(6) 
0 ( 1 ) 7 2 ( 5 ) 62(5) 65(5) 2(4) 1 0 ( 4 ) - 1 7 ( 4 ) 
0 ( 2 ) 6 0 ( 4 ) 5 2 ( 4 ) 7 9 ( 5 ) - 2 7 ( 4 ) 1 1 ( 4 ) - 3 2 ( 3 ) 
4 
T a b l e 5 . H y d r o g e n c o o r d i n a t e s ( x 10 ) and i s o t r o p i c 
,2 3 
d i s p l a c e m e n t p a r a m e t e r s (A x 10 ) for P . 
X y z U (eq) 
H{1A) 6215 7428 2210 57 
H(2A) 6098 4788 3531 55 
H(12A) 12305 2917 3674 55 
H(13A) 11434 5391 3654 58 
H ( 1 5 A ) 9058 8931 3260 133 
H(15B) 10296 7772 2694 133 
H ( 1 5 C ) 10180 7589 3979 133 
H ( 2 1 A ) 5307 3010 1325 85 
H(22A) 4778 1196 2560 92 
H ( 2 3 A ) 6103 244 4146 95 
H ( 2 4 A ) 7872 1229 4538 76 
H ( 3 2 A ) 8946 4583 -1191 73 
H ( 3 3 A ) 8161 7038 -1121 83 
H ( 3 5 A ) 6415 10330 -137 118 
H ( 3 5 B ) 6333 9388 -979 118 




Table 1. Crystal data and structure refinement for P. 
Identification code w a i 3 9 1 
Empirical formula 
Formula w e i g h t 472.17 
T e m p e r a t u r e 293(2) K 
W a v e l e n g t h 0.71073 A 
Crystal system TRICLINIC 
Space group Pi 
U n i t cell dimensions a = 8.8916(18) A alpha = 9 8 . 4 4 ( 3 )° 
b = 12.370(3) A beta = 1 0 1 . 8 7 ( 3 )° 
c = 18.362(4) A gamma = 9 9 . 2 5 ( 3 )° 
V o l u m e , Z 1916.6(7) A ^ , 4 
D e n s i t y (calculated) 1.636 Mg/m^ 
- 1 
A b s o r p t i o n c o e f f i c i e n t 4.242 m m 
F(OOO) 936 
Crystal size 0.30 x 0.20 x 0.10 m m 
o 
e range for data collection 1.15 to 25.72 
L i m i t i n g indices -10 < h s 10, 0 < k < 15, -22 s 1 s 22 
R e f l e c t i o n s c o l l e c t e d 5357 
I n d e p e n d e n t reflections 5357 (R, ^ = 0.0000) 
int 
C o m p l e t e n e s s to 9 = 2 5 . 7 2° 73.5 % 
A b s o r p t i o n c o r r e c t i o n ABSCOR 
M a x . and m i n . transmission 0.6763 and 0.3626 
2 
R e f i n e m e n t m e t h o d F u l l - m a t r i x least-squares on F 
D a t a / r e s t r a i n t s / p a r a m e t e r s 5357 / 0 / 469 
2 
G o o d n e s s - o f - f i t on F 1.098 
F i n a l R indices [I>2ff(I)] Rl = 0.0648, wR2 = 0.1678 
R indices (all data) Rl = 0.0767, wR2 = 0.1793 
。一3 L a r g e s t d i f f . p e a k and hole 0.284 and -0.186 eA ^  
4 
T a b l e 2 . A t o m i c c o o r d i n a t e s [ x 10 ] a n d e q u i v a l e n t i s o t r o p i c 
。2 3 
d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] for P . U ( e q ) is d e f i n e d as 
o n e t h i r d of the t r a c e of the o r t h o g o n a l i z e d U . . t e n s o r . 
工J 
X y z U (eq) 
B r ( 1 ) 2645 (1) 1963 (1) 2413 (1) 94 (1) 
B r ( l ' ) 6726 (1) - 2 9 5 1 ( 1 ) 3377 (1) 97 (1) 
B r ( 2 ) 6790 (1) 164 (1) 2347 (1) 94 (1) 
B r ( 2 ' ) 3 0 4 7 ( 1 ) - 5 3 1 3 ( 1 ) 3 8 5 4 ( 1 ) 90(1) 
0 ( 1 ' ) 3 7 3 7 ( 5 ) 9 9 9 ( 3 ) 4 0 5 2 ( 2 ) 7 1 ( 1 ) 
0 ( 1 ) 3073 (7) 3334 (5) -567 (3) 103 (2) 
0 ( 2 ' ) 1 4 3 ( 5 ) - 1 4 3 5 ( 3 ) 4 8 0 8 ( 2 ) 7 0 ( 1 ) 
0 ( 2 ) 7 3 1 6 ( 6 ) 1 4 9 5 ( 4 ) - 6 3 1 ( 2 ) 7 9 ( 1 ) 
C ( l ' ) 5798 (8) -1683 (5) 3565 (3) 68 (2) 
C ( l ) 2 7 9 2 ( 8 ) 2 4 2 4 ( 5 ) 1 4 8 2 ( 4 ) 7 4 ( 2 ) 
C ( 2 ' ) 6699 (8) -734 (5) 4 0 1 8 (4) 74 (2) 
C ( 2 ) 1 3 9 8 (9) 2 2 9 0 (6) 936 (5) 91 (2) 
C ( 3 ' ) 6066 (8) 1 9 1 ( 5 ) 4 1 8 8 (3) 68 (2) 
C ( 3 ) 1 4 5 7 ( 1 0 ) 2 5 9 4 ( 6 ) 2 4 3 ( 5 ) 9 6 ( 2 ) 
C ( 4 ' ) 4 4 8 4 ( 7 ) 1 3 0 ( 5 ) 3 9 0 8 ( 3 ) 6 3 ( 1 ) 
C ( 4 ) 2 8 8 2 ( 1 0 ) 3 0 4 4 ( 6 ) 93(4) 8 3 ( 2 ) 
C { 5 ' ) 3519 (7) -848 (4) 3462 (3) 60 (1) 
C ( 5 ) 4294 (8) 3166 (5) 652 (3) 70 (2) 
C ( 6 ' ) 4 1 9 4 ( 7 ) - 1 7 7 2 ( 4 ) 3 2 6 0 ( 3 ) 6 0 ( 1 ) 
C ( 6 ) 4 2 2 7 ( 8 ) 2 8 8 1 ( 5 ) 1 3 5 7 ( 3 ) 6 7 ( 2 ) 
C ( 7 ' ) 4684 (9) 2047 (5) 4 4 5 8 (4) 87 (2) 
C ( 7 ) 1 7 3 0 ( 1 4 ) 3 2 7 3 ( 1 1 ) - 1 1 5 7 ( 6 ) 1 5 5 ( 5 ) 
C ( l l ) 5682 (8) 3145 (5) 1 9 7 1 ( 3 ) 64 (1) 
C ( l l ' ) 3 2 7 8 ( 7 ) - 2 7 7 2 ( 5 ) 2 7 0 3 ( 3 ) 6 1 ( 1 ) 
C ( 1 2 ' ) 3603 (9) -2996 (5) 1987 (3) 76 (2) 
C ( 1 2 ) 5 8 1 4 ( 9 ) 4 0 1 0 ( 5 ) 2 5 7 2 ( 3 ) 7 9 ( 2 ) 
C ( 1 3 ' ) 2 8 1 6 (10) -3914 (6) 1469 (4) 8 6 ( 2 ) 
C ( 1 3 ) 7 1 6 0 (11) 4 3 0 9 (6) 3143 (4) 89 (2) 
C ( 1 4 ) 8405 (9) 3783 (6) 3114 (4) 81 (2) 
C ( 1 4 ' ) 1683 (10) -4646 (6) 1 6 2 6 (4) 83 (2) 
C ( 1 5 ' ) 1 2 9 9 ( 8 ) - 4 4 4 2 ( 5 ) 2 3 2 6 ( 3 ) 7 3 ( 2 ) 
C ( 1 5 ) 8280 (8) 2927 (5) 2523 (3) 72 (2) 
C ( 1 6 ) 6 9 1 3 ( 7 ) 2 6 0 1 ( 5 ) 1 9 4 6 ( 3 ) 6 1 ( 1 ) 
C ( 1 6 ' ) 2 1 0 7 ( 7 ) - 3 5 0 8 ( 5 ) 2 8 7 1 ( 3 ) 6 1 ( 1 ) 
C ( 1 7 ) 5773 (8) 3 6 1 1 (5) 4 6 5 (3) 73 (2) 
C ( 1 7 ' ) 1 8 2 8 ( 7 ) - 8 9 1 ( 4 ) 、 3 2 2 6 ( 3 ) 6 0 ( 1 ) 
C ( 1 8 ) 6 9 6 0 ( 8 ) 3 0 9 3 ( 5 ) 4 4 7 ( 3 ) 6 7 ( 2 ) 
C ( 1 8 ' ) 7 4 7 ( 7 ) - 1 5 9 7 ( 5 ) 3 4 2 0 ( 3 ) 5 9 ( 1 ) 
C ( 2 1 ) 6924 (8) 5 8 9 ( 5 ) 1 4 0 5 (3) 7 1 (2) 
C ( 2 1 ' ) 2 0 3 6 (7) - 4 1 1 8 (5) 4 1 0 8 (3) 6 5 ( 1 ) 
C ( 2 2 ' ) 1 6 1 1 ( 8 ) - 4 0 2 6 (5) 4 7 9 7 (3) 72 (2) 
C ( 2 2 ) 6 9 9 8 (9) - 2 2 1 (6) 826 (4) 84 (2) 
C ( 2 3 ' ) 9 7 1 ( 8 ) - 3 1 5 2 ( 5 ) 5 0 3 8 ( 3 ) 7 4 ( 2 ) 
C ( 2 3 ) 7144(8) 4 3 ( 5 ) 1 3 1 ( 4 ) 7 6 ( 2 ) 
C ( 2 4 ) 7 1 2 4 ( 8 ) 1 1 2 7 ( 5 ) 2 1 ( 3 ) 6 8 ( 2 ) 
C ( 2 4 ' ) 692 (7) - 2 3 6 1 (5) 4 5 9 3 (3) 62 (1) 
C { 2 5 ) 6983 (7) 1 9 5 1 ( 4 ) 596 (3) 60 (1) 
C ( 2 5 ' ) 1 1 0 5 (6) -2457 (4) 3 8 7 6 (3) 57 (1) 
C(26) 6900(7) 1686(5) 1313(3) 62(1) 
C(26' ) 1741(7) -3348(4) 3634(3) 57(1) 
C(27') -380 (10) -1344 (6) 5512 (4) 90 (2) 
C(27) - 7614(11) 723(7) -1208(4) 99(2) 
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。 o Table 3. Bond lengths [A] and angles [ ] for P . 
Br(1)-C(l) 1.903 (7) Br(l')-C(l') 1.907 (6) 
Br(2)-C(21) 1.902 (6) Br(2')-C(21') 1.899 (6) 
0(1')-C{4') 1.373(7) 0(1')-C(7') 1.433(7) 
0(1)-C{4) 1.350(9) 0(1)-C(7) 1.421(10) 
0(2') -C(24' ) 1.354(7) 0(2')-C(27') 1.458(7) 
0(2)-C(24) 1.373(7) 0(2)-C(27) 1.417(8) 
C(l')-C(2') 1.359 (9) C{1')-C(6') 1.401(8) 
C(l)-C{6) 1.388(9) C(l)-C(2) 1.394(10) 
C ( 2 ' ) - C O M 1.378 (9) C(2)-C(3) 1.388 (12) 
C O M -C(4' ) 1.381(9) C(3) -C(4) 1.397 (11) 
C(4')-C(5') 1.398(8) C(4)-C(5) 1.420(9) 
C{5')-C(6') 1.412(8) C(5')-C(17') 1.466 (8) 
C(5)-C(6) 1.400 (9) C{5)-C(17) 1.469 (10) 
C(6')-C(11') 1.484 (8) C(6)-C(ll) 1.487 (9) 
C(ll)-C{16) 1.379(8) C(ll)-C(12) 1.391(8) 
C(11' )-C(16' ) 1.385(8) C(11')-C(12') 1.402(8) 
C(12' )-C(13' ) 1.356 (10) C(12)-C(13) 1.377 (10) 
C(13' )-C(14' ) 1.350(10) C(13)-C(14) 1.378(11) 
C(14)-C(15) 1.375 (10) C(14')-C(15') 1.393 (9) 
C(15' )-C(16' ) 1.397(8) C{15)-C(16) 1.396 (8) 
C(16)-C{26) 1.495 (8) C(16')-C(26') 1.495 (7) 
C(17)-C(18) 1.323(9) C(17')-C(18') 1.333(8) 
C(18)-C(25) 1.481(8) C(18')-C(25') 1.481(8) 
C(21)-C(22) 1.369 (9) C(21)-C(26) 1.395 (8) 
C(21' )-C(22' ) 1.386 (8) C{21')-C(26') 1.401(8) 
C{22')-C(23') 1.360 (9) C(22)-C(23) 1.389 (9) 
C(23' )-C(24' ) 1.385 (8) C(23)-C(24) 1.388 (9) 
C(24)-C(25) 1.397(8) C(24')-C(25') 1.431(7) 
C(25)-C(26) 1.415(8) C(25')-C(26') 1.377 (8) 
C(4' )-0(1') -C(7' ) 117.7(5) C(4)-0(1)-C(7) 119.3 (8) 
C ( 2 4 ' ) - 0 ( 2 ' ) - C ( 2 7 ' ) 117.3(5) C(24)-O(2)-C(27) 117.2(5) 
C(2' ) -C(1' ) -C(6' ) 122.0(6) C(2')-C(1' )-Br(1' ) 118.9(5) 
C{6')-C(1')-Br(1') 119.0(4) C(6)-C(1)-C(2) 121.7 (7) 
C(6)-C(l)-Br(l) 121.2(5) C(2)-C(1)-Br(1) 117.1(6) 
C ( 1 ' ) -C(2' ) - C O M 120.9 (6) C(3) -C(2) -C(l) 118.9(7) 
C ( 2 ' ) - C ( 3 ' ) - C ( 4 ' ) 118.8(6) C(2)-C(3)-C(4) 120.9 (7) 
0 ( 1 ' ) - C ( 4 ' ) - C ( 3 ' ) 123.3(5) 0(1') -C(4' )-C(5' ) 115.2(5) 
C(3' ) -C(4' ) -C(5' ) 121.5(5) 0(1) -C{4)-C(3) 125.6 (7) 
0 ( 1 ) - C ( 4 ) - C ( 5 ) 114.8(7) C(3)-C(4)-C{5) 119.5(7) 
C(4') -C(5') - C ( 6 M 119.2(5) C (4 ' )-C (5 ' )-C (17 ' ) 119.1(5) 
C(6') - C ( 5 M -C(17') 121.8(5) C(6) -C(5) -C(4) 119.3(7) 
C ( 6 ) - C ( 5 ) - C ( 1 7 ) 122.8(5) C(4)-C(5)-C(17) 117.9 (6) 
C ( 1 ' ) - C ( 6 ' ) - C ( 5 ' ) 117.5(5) C ( 1 ' ) -C ( 6 ' ) -C ( 11 ' ) 120 .7(5) 
C ( 5 ' ) -C{6 ' ) -C (11 ' ) 121.6(5) C( l )-C(6 )-C(5) 119.5 (6) 
C ( l ) - C ( 6 ) - C ( l l ) 121.4(6) C(5)-C(6)-C(ll) 119.0 (6) 
C ( 1 6 ) - C ( l l ) - C ( 1 2 ) 119.7(6) C(16)-C(ll)-C(6) 122.4(5) 
C ( 1 2 ) - C ( l l ) - C ( 6 ) 117.8(6) C(16' ) - C( 11 ' ) -C (1 2' ) 118.3 (5) 
C ( 1 6 ' ) - C ( 1 1 ' ) - C ( 6 ' ) 121.8(5) C{12' ) -C(11' ) -C{6' ) 119.8(5) 
C ( 1 3 ' ) - C ( 1 2 ' ) - C ( 1 1 ' ) 121.6(6) C(13)-C(12)-C(ll) 120.1(7) 
C ( 1 4 ' ) - C ( 1 3 ' ) - C ( 1 2 ' ) 120.8 (6) C(12) -C(13) -C(14) 120.6 (6) 
C ( 1 5 ) - C ( 1 4 ) - C ( 1 3 ) 119.6(7) C(13') -C (14') -C (15') 119.5 (6) 
C ( 1 4 ' ) - C ( 1 5 ' ) - C ( 1 6 ' ) 120.6(6) C(14) -C (15) -C (16) 120.5(7) 
C ( l l ) - C ( 1 6 ) - C ( 1 5 ) 119.6(6) C(ll)-C(16)-C(26) 123.6(5) 
C ( 1 5 ) - C ( 1 6 ) - C ( 2 6 ) 116.8(6) C (11' ) -C ( 16 ') - C (1 5' ) 119.2(5) 
C ( 1 1 ' ) - C ( 1 6 ' ) - C ( 2 6 ' ) 121.3(5) C ( 1 5 ' ) - C ( 1 6 ' ) - C ( 2 6 ' ) 119.5(5) 
C ( 1 8 ) - C ( 1 7 ) - C ( 5 ) 126.0 (6) C ( 1 8 ' ) - C ( 1 7 ' ) - C ( 5 ' ) 123.9(5) 
C ( 1 7 ) - C { 1 8 ) - C ( 2 5 ) 124.8 (6) C ( 1 7 ' ) - C ( 1 8 ' ) - C ( 2 5 ' ) 124.1(6) 
C ( 2 2 ) - C { 2 1 ) - C ( 2 6 ) 122.1(6) C ( 2 2 ) - C ( 2 1 ) - B r ( 2 ) 117.7(5) 
C ( 2 6 ) - C ( 2 1 ) - B r ( 2 ) 120.1(5) C ( 2 2 ' ) - C ( 2 1 ' ) - C ( 2 6 ' ) 120.7(6) 
C ( 2 2 ' ) - C ( 2 1 ' ) - B r ( 2 ' ) 117.0(5) C ( 2 6 ' ) - C { 2 1 ' ) - B r ( 2 ' ) 122.3(4) 
C{23')-C(22')-C(21') 120.2(6) C ( 2 1 ) - C ( 2 2 ) - C ( 2 3 ) 120.4(6) 
C ( 2 2 ' ) - C ( 2 3 ' ) - C ( 2 4 ' ) 120.7(5) C ( 2 4 ) - C ( 2 3 ) - C ( 2 2 ) 118.9(6) 
0 ( 2 ) - C ( 2 4 ) - C ( 2 3 ) 124.1(6) 0 ( 2 ) - C ( 2 4 ) - C ( 2 5 ) 114.7(5) 
C ( 2 3 ) - C ( 2 4 ) - C ( 2 5 ) 121.2 (6) 0 ( 2 ' ) - C ( 2 4 ' ) - C ( 2 3 ' ) 124.5(5) 
0 ( 2 ' ) - C ( 2 4 ' ) - C ( 2 5 ' ) 115.8(5) C ( 2 3 ' ) - C ( 2 4 ' ) - C ( 2 5 ' ) 119.5 (6) 
C ( 2 4 ) - C { 2 5 ) - C { 2 6 ) 119.6 (5) C ( 2 4 ) - C ( 2 5 ) - C ( 1 8 ) 119.0(5) 
C ( 2 6 ) - C ( 2 5 ) - C ( 1 8 ) 121.3(5) C ( 2 6 ' ) - C ( 2 5 ' ) - C ( 2 4 ' ) 119.3(5) 
C{26')-C(25')-C(18') 123.7(5) C ( 2 4 ' ) - C ( 2 5 ' ) - C ( 1 8 ' ) 116.9 (5) 
C { 2 1 ) - C ( 2 6 ) - C ( 2 5 ) 117.6(5) C ( 2 1 ) - C ( 2 6 ) - C ( 1 6 ) 123.3(5) 
C ( 2 5 ) - C ( 2 6 ) - C ( 1 6 ) 118.9(5) C ( 2 5 ' ) - C ( 2 6 ' ) - C ( 2 1 ' ) 119.4(5) 
C ( 2 5 M - C ( 2 6 ' ) - C ( 1 6 ' ) 120.8(5) C ( 2 1 ' ) - C ( 2 6 ' ) - C ( 1 6 ' ) 119.9(5) 
S y m m e t r y t r a n s f o r m a t i o n s u s e d to g e n e r a t e e q u i v a l e n t atoms : 
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T a b l e 4 . A n i s o t r o p i c d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] for P . 
The a n i s o t r o p i c d i s p l a c e m e n t factor e x p o n e n t takes the form: 
-2tt^ [ (ha*)^U + ... + 2 h k a * b * U ] 
丄丄 a. dU 
U l l U22 U33 U23 U13 U12 
Br(1) 110(1) 85(1) 90(1) 3(1) 46(1) 9(1) 
Br(l') 79(1) 74(1) 139(1) 14(1) 28(1) 21(1) 
Br(2) 129(1) 85(1) 76(1) 34(1) 31(1) 18(1) 
Br(2' ) 124(1) 77(1) 87(1) 26(1) 39(1) 42(1) 
0(1') 80(3) 58(2) 71(3) 0(2) 21(2) 9(2) 
0(1) 124 (4) 105 (4) 71(3) 22 (3) -11 (3) 35 (3) 
0(2') 82(3) 73(3) 61(2) 8(2) 28(2) 18(2) 
0(2) 117(4) 77(3) 51(2) 10(2) 26(2) 34(2) 
C(l') 74(4) 63(3) 71(4) 18(3) 24(3) 14(3) 
C(l) 74(4) 70(4) 79(4) -1(3) 24(3) 20(3) 
C(2') 68(4) 74(4) 81(4) 26(3) 19(3) 8(3) 
C(2) 74(5) 82(5) 108(6) -7(4) 14(4) 25(4) 
C ( 3 ' ) 76 (4) 57 (3) 69 (4) 5 (3) 22 (3) 3 (3) 
C(3) 81 (5) 87 (5) 102 (6) -10 (4) -10 (4) 32 (4) 
C(4') 77(4) 56(3) 59(3) 12(3) 26(3) 10(3) 
C(4) 101 (6) 70(4) 71(4) 0(3) 2(4) 31(4) 
C ( 5 M 76 (4) 56 (3) 48 (3) 11 (2) 21 (2) 5 (3) 
C(5) 83(4) 60(3) 62(3) 4(3) 5(3) 24(3) 
C(6') 71(4) 57(3) 56(3) 16(2) 24(3) 8(3) 
C(6) 76(4) 63(3) 60(3) 4(3) 14(3) 21(3) 
C{7') 94(5) 60(4) 99(5) 1(3) 20(4) 11(3) 
C(7) 161(10) 194(12) 98(7) 35(7) -28(7) 65(9) 
C(ll) 79(4) 57(3) 53(3) 8(2) 15(3) 9(3) 
C(ll') 73(4) 59(3) 53(3) 11(2) 23(3) 12(3) 
C(12' ) 109(5) 68(4) 63(4) 20(3) 40(3) 22(3) 
C(12) 107(5) 67(4) 59(4) -1(3) 14(3) 25(3) 
C(13' ) 122 (6) 93 (5) 52 (3) 10 (3) 35 (4) 34 (4) 
C(13) 140(7) 64(4) 55(4) 4(3) 22(4) 9(4) 
C(14) 103(5) 69(4) 58(4) 12(3) 4(3) -7(4) 
C(14' ) 125(6) 60(4) 57(3) 0(3) 14(4) 13(4) 
C(15' ) 95(5) 63(4) 55(3) 6(3) 17(3) 6(3) 
C(15) 77(4) 78(4) 59(3) 20(3) 14(3) 4(3) 
C(16) 72(4) 63(3) 45(3) 10(2) 12(3) 8(3) 
C(16' ) 81(4) 54(3) 49(3) 8(2) 21(3) 7(3) 
C(17) 99(5) 61(3) 57(3) 15(3) 9(3) 21(3) 
C(17' ) 75(4) 54(3) 50(3) 11(2) 14(2) 11(3) 
C(18) 81(4) 61(3) 55(3) 11(3) 14(3) 11(3) 
C ( 1 8 ' ) 63(3) 61(3) 57(3) 9(2) 19(2) 18(3) 
C(21) 84(4) 67(4) 62(3) 17(3) 11(3) 14(3) 
C(21' ) 79(4) 58(3) 59(3) 13(3) 20(3) 10(3) 
C ( 2 2 ' ) 97(5) 65 (4) 57 (3) 20 (3) 25 (3) 9 (3) 
C{22) 110 (6) 64 (4) 86 (5) 22 (3) 28 (4) 27 (4) 
C ( 2 3 M 99 (5) 75 (4) 52 (3) 17 (3) 29 (3) 11(3) 
C(23) 99(5) 63(4) 69(4) 7(3) 22(3) 24(3) 
C(24) 77(4) 69(4) 58(3) 7(3) 18(3) 18(3) 
C ( 2 4 ' ) 73(4) 58(3) 55(3) 3(2) 22(3) 6(3) 
C(25) 69(4) 55(3) 56(3) 11(2) 16(3) 14(3) 
C ( 2 5 M 62 (3) 58 (3) 47 (3) 8 (2) 14 (2) 4 (3) 
C(26) 65(4) , , 64(3) 56(3) 13(3) 13(3) 10(3) 
C ( 2 6。'…6 8 ( 3 ) — 53 (3) .48 (3) 7 (2) 18 (2) 2 (3) 
C(27') 107 (6) ？ yH.95 (5) r . » . 75 (4) 4 (4) 47 (4) 22 (4) 
C(27) 143(7) 101(5) 60(4) 2(4) 37(4) 42(5) 
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T a b l e 5. H y d r o g e n c o o r d i n a t e s { x 10 ) and i s o t r o p i c 
。2 3 
d i s p l a c e m e n t p a r a m e t e r s (A x 10 ) for P . 
X y z U(eq) 
H(2'A) 7757 -709 4216 88 
H(2A) 444 2000 1034 109 
H(3'A) 6694 845 4486 82 
H(3A) 534 2498 -128 115 
H(7'A) 4026 2582 4 5 2 1 130 
H(7'B) 5428 2307 4179 130 
H(7'C) 5232 1956 4947 130 
H(7A) 2055 3506 -1587 233 
H(7B) 1078 3753 -983 233 
H(7C) 1151 2520 -1301 233 
H(12A) 4376 -2503 1864 91 
H(12B) 4993 4386 2588 95 
H(13A) 3060 -4042 999 103 
H ( 1 3 B ) 7228 4 8 7 1 3552 106 
H(14A) 9325 4006 3493 98 
H(14B) 1162 -5280 1271 100 
H(15A) 497 -4932 2 4 3 1 87 
H ( 1 5 B ) 9112 2561 2507 87 
H(17A) 5886 4322 349 87 
H ( 1 7 B ) 1490 -396 2923 72 
H ( 1 8 A ) 7845 3475 332 80 
H ( 1 8 B ) -297 -1547 3259 71 
H ( 2 2 A ) 1764 -4564 5094 86 
H ( 2 2 B ) 6950 -953 899 101 
H ( 2 3 A ) 718 -3085 5507 88 
H ( 2 3 B ) 7253 -497 -253 91 
H ( 2 7 A ) -737 -655 5604 135 
H ( 2 7 B ) 475 -1360 5923 135 
H ( 2 7 C ) -1223 -1957 5474 135 
H ( 2 7 D ) 7720 1074 -1632 148 
H ( 2 7 E ) 6759 93 -1365 148 




Table 1. Crystal data and structure refinement for P. 
Identification code cwhOOV 
Empirical formula C 一 H 一 0 一 22 20 2 
Formula w e i g h t 316.38 
Temperature 293(2) K 
W a v e l e n g t h 0.71073 A 
Crystal system TRICLINIC 
Space group PI 
U n i t cell dimensions a = 8.6090(7) A alpha = 7 3 . 8 9 1 ( 2 )° 
h = 9.0515 (7) A beta = 88. 8250 (10)° 
c = 11.1689(8) A g a m m a = 8 2 . 0 1 7 ( 2 )° 
V o l u m e , Z 827.91(11) K , 2 
D e n s i t y (calculated) 1.269 Mg/m^ 
- 1 
A b s o r p t i o n coefficient 0.080 m m 
F(OOO) 336 
Crystal size 0.63 x 0.61 x 0.18 m m 
o 
e range for data collection 1.90 to 28.05 
Limiting indices -10 < h < 11, -11 < k < 6, -14 < I < 14 
R e f l e c t i o n s collected 5655 
I n d e p e n d e n t reflections 3924 (R. = 0.0222) 
int 
C o m p l e t e n e s s to 9 = 2 8 . 0 5° 97.7 % 
A b s o r p t i o n c o r r e c t i o n SADABS 
M a x . and m i n . transmission 1.000000 and 0.696854 
• 2 
R e f i n e m e n t m e t h o d Full-matrix least-squares on F 
Data / r e s t r a i n t s / p a r a m e t e r s 3924 / 0 / 217 
2 
G o o d n e s s - o f - f i t on F 1.141 
Final R indices [I>2a (I)] Rl = 0. 0542, wR2 = 0.1632 
R indices (all data) Rl = 0.0752, wR2 = 0.1778 
L a r g e s t d i f f . p e a k and hole 0.284 and -0.186 eA ^ 
4 
T a b l e 2 . A t o m i c c o o r d i n a t e s [ x 10 ] a n d e q u i v a l e n t i s o t r o p i c 
。2 3 
d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] for P . U ( e q ) is d e f i n e d as 
o n e t h i r d of the t r a c e of the o r t h o g o n a l i z e d U . . t e n s o r . 
1] 
X y z U ( e q ) 
0 ( 1 ) 2 2 4 4 ( 2 ) 3 5 7 7 ( 1 ) 4 5 5 9 ( 1 ) 50(1) 
0 ( 2 ) 3 3 9 8 ( 2 ) 7 9 7 1 (1) 5674 (1) 54 (1) 
C (1) 2248 (2) 3007 (2) 6 7 4 1 (1) 37 (1) 
C (2) 1423 (2) 3149 (2) 5629 (1) 40 (1) 
C ( 3 ) -114 (2) 2854 (2) 5656 (2) 49 (1) 
C ( 4 ) - 8 4 2 ( 2 ) 2 3 9 5 ( 2 ) 6 7 9 2 ( 2 ) 5 3 ( 1 ) 
C ( 5 ) -49(2) 2 2 3 1 ( 2 ) 7 8 9 1 ( 2 ) 4 7 ( 1 ) 
C { 6 ) 1487 (2) 2546 (2) 7 8 7 0 (1) 39 (1) 
C ( 7 ) 2 3 5 8 (2) 2336 (2) 9060 (1) 40 (1) 
C ( 8 ) 2 6 4 0 (2) 861 (2) 9896 (2) 53 (1) 
C ( 9 ) 3476 (2) 606 (2) 10997 (2) 62(1) 
C ( 1 0 ) 4 0 3 5 ( 3 ) 1 8 1 8 ( 3 ) 1 1 2 7 9 ( 2 ) 67(1) 
C ( l l ) 3 7 4 8 ( 2 ) 3 2 8 8 ( 3 ) 1 0 4 6 9 ( 2 ) 6 0 ( 1 ) 
C ( 1 2 ) 2913 (2) 3579 (2) 9 3 5 1 (1) 44 (1) 
C ( 1 3 ) 2 5 1 8 ( 2 ) 5 2 3 3 ( 2 ) 8 5 7 5 ( 2 ) 4 3 ( 1 ) 
C ( 1 4 ) 1520 (2) 6212 (2) 9 1 2 1 (2) 54 (1) 
C ( 1 5 ) 1118 (2) 7764 (2) 8508 (2) 57 (1) 
C { 1 6 ) 1727 (2) 8387 (2) 7 3 5 6 (2) 51 (1) 
C ( 1 7 ) 2 7 2 4 ( 2 ) 7 4 3 4 ( 2 ) 6 8 0 9 ( 2 ) 4 2 ( 1 ) 
C ( 1 8 ) 3 1 2 0 ( 2 ) 5 8 2 8 ( 2 ) 7390(2) 4 0 ( 1 ) 
C ( 1 9 ) 4 1 7 5 (2) 4 9 0 1 ( 2 ) 6676 (2) 64 (1) 
C ( 2 0 ) 3936 (2) 3 2 8 8 (2) 6 7 1 8 (2) 47 (1) 
C ( 2 1 ) 1489 (3) 3650 (2) 3413 (2) 60 (1) 
C ( 2 2 ) 2989 (3) 9566 (2) 5019 (2) 70 (1) 
0 O 
T a b l e 3 . B o n d l e n g t h s [A] a n d a n g l e s [ ] for P . 
0 ( 1 ) - C ( 2 ) 1 . 3 6 4 8 ( 1 8 ) 0 ( 1 ) - C ( 2 1 ) 1 . 4 2 8 ( 2 ) 
0 ( 2 ) - C ( 1 7 ) 1 . 3 7 3 4 ( 1 9 ) 0 ( 2 ) - C { 2 2 ) 1 . 4 2 3 ( 2 ) 
C ( l ) - C { 6 ) 1 . 3 9 4 ( 2 ) C ( l ) - C ( 2 ) 1 . 4 0 9 ( 2 ) 
C ( l ) - C ( 2 0 ) 1 . 5 0 8 ( 2 ) C ( 2 ) - C ( 3 ) 1 . 3 8 5 ( 2 ) 
C ( 3 ) - C { 4 ) 1 . 3 8 7 ( 2 ) C { 4 ) - C ( 5 ) 1 . 3 7 8 ( 2 ) 
C ( 5 ) - C ( 6 ) 1 . 3 8 9 ( 2 ) C ( 6 ) - C ( 7 ) 1 . 4 9 2 ( 2 ) 
C ( 7 ) - C ( 8 ) 1 . 3 9 3 ( 2 ) C ( 7 ) - C ( 1 2 ) 1 . 3 9 9 ( 2 ) 
C ( 8 ) - C ( 9 ) 1.384 (3) C ( 9 ) - C ( I O ) 1 . 3 7 1 ( 3 ) 
C ( 1 0 ) - C ( l l ) 1.379 (3) C ( l l ) - C ( 1 2 ) 1 . 3 9 6 (2) 
C ( 1 2 ) - C ( 1 3 ) 1 . 5 0 3 ( 2 ) C ( 1 3 ) - C ( 1 4 ) 1 . 400 (2 ) 
C ( 1 3 ) - C ( 1 8 ) 1 . 4 0 2 ( 2 ) C ( 1 4 ) - C ( 1 5 ) 1 . 3 8 0 ( 3 ) 
C ( 1 5 ) - C ( 1 6 ) 1.379 (3) C ( 1 6 ) - C ( 1 7 ) 1 . 3 8 5 (2) 
C ( 1 7 ) - C ( 1 8 ) 1 . 4 1 3 ( 2 ) C ( 1 8 ) - C ( 1 9 ) 1 . 5 1 5 ( 2 ) 
C ( 1 9 ) - C ( 2 0 ) 1 . 4 9 1 ( 3 ) 
C { 2 ) - 0 ( 1 ) - C ( 2 1 ) 1 1 7 . 6 6 ( 1 3 ) C ( 1 7 ) - O ( 2 ) - C ( 2 2 ) 1 1 7 . 8 0 (15) 
C { 6 ) - C ( l ) - C ( 2 ) 1 1 8 . 5 0 ( 1 3 ) C ( 6 ) - C ( 1 ) - C ( 2 0 ) 1 2 0 . 5 6 ( 1 4 ) 
C ( 2 ) - C ( l ) - C ( 2 0 ) 1 2 0 . 8 9 (13) 0 ( 1 ) - C ( 2 ) - C ( 3 ) 1 2 3 . 6 8 (14) 
0 ( 1 ) - C ( 2 ) - C ( l ) 1 1 5 . 5 9 (13) C ( 3 ) - C ( 2 ) - C ( l ) 1 2 0 . 7 4 (14) 
C ( 2 ) - C ( 3 ) - C ( 4 ) 1 1 9 . 5 0 (15) C(5) -C(4) -C(3) 120 .65 (15) 
C ( 4 ) -C(5) -C(6) 1 2 0 . 1 4 (15) C ( 5 ) - C ( 6 ) -C(l) 1 2 0 . 4 6 (14) 
C ( 5 ) - C ( 6 ) - C ( 7 ) 1 2 0 . 2 1 ( 1 3 ) C { 1 ) - C ( 6 ) - C ( 7 ) 1 1 9 . 3 0 ( 1 3 ) 
C ( 8 ) - C ( 7 ) - C ( 1 2 ) 1 1 9 . 1 9 (15) C ( 8 ) - C ( 7 ) - C ( 6 ) 1 1 9 . 0 8 ( 1 4 ) 
C ( 1 2 ) - C ( 7 ) - C ( 6 ) 1 2 1 . 7 2 (14) C ( 9 ) - C ( 8 ) - C ( 7 ) 1 2 1 . 0 4 ( 1 7 ) 
C ( 1 0 ) - C ( 9 ) - C ( 8 ) 1 1 9 . 9 2 ( 1 8 ) C ( 9 ) - C ( 1 0 ) - C ( 1 1 ) 1 1 9 . 7 2 (18) 
C ( 1 0 ) - C ( l l ) - C ( 1 2 ) 1 2 1 . 6 0 (18) C d l ) -C(12) -C(7) 1 1 8 . 5 1 ( 1 6 ) 
C ( l l ) - C ( 1 2 ) - C ( 1 3 ) 1 1 8 . 4 1 ( 1 5 ) C ( 7 ) - C ( 1 2 ) - C ( 1 3 ) 1 2 2 . 8 1 ( 1 4 ) 
C ( 1 4 ) - C ( 1 3 ) - C ( 1 8 ) 1 1 9 . 9 2 ( 1 6 ) C ( 1 4 ) - C ( 1 3 ) - C ( 1 2 ) 1 1 5 . 9 9 (14) 
C ( 1 8 ) - C ( 1 3 ) - C ( 1 2 ) 1 2 4 . 0 6 (15) C ( 1 5 ) - C ( 1 4 ) - C ( 1 3 ) 1 2 0 . 90 (16) 
C ( 1 6 ) - C ( 1 5 ) - C ( 1 4 ) 1 2 0 . 3 3 (17) C ( 1 5 ) - C ( 1 6 ) -C (17) 1 1 9 . 3 6 (17) 
0 ( 2 ) - C ( 1 7 ) - C ( 1 6 ) 1 2 2 . 8 6 ( 1 5 ) 0 ( 2 ) - C ( 1 7 ) - C ( 1 8 ) 1 1 5 . 2 3 (14) 
C ( 1 6 ) - C ( 1 7 ) - C ( 1 8 ) 1 2 1 . 9 0 ( 1 5 ) C ( 1 3 ) - C ( 1 8 ) -C (17) 1 1 7 . 5 3 (15) 
C ( 1 3 ) - C ( 1 8 ) - C ( 1 9 ) 1 2 5 . 6 4 ( 1 6 ) C ( 1 7 ) - C ( 1 8 ) - C ( 1 9 ) 1 1 6 . 8 2 (14) 
C ( 2 0 ) - C ( 1 9 ) - C ( 1 8 ) 1 2 0 . 8 4 ( 1 4 ) C ( 1 9 ) - C ( 2 0 ) - C ( 1 ) 1 1 5 . 2 2 ( 1 5 ) 
S y m m e t r y t r a n s f o r m a t i o n s u s e d to g e n e r a t e e q u i v a l e n t a t o m s : 
。2 3 
T a b l e 4 . A n i s o t r o p i c d i s p l a c e m e n t p a r a m e t e r s [A x 10 ] for P . 
The a n i s o t r o p i c d i s p l a c e m e n t factor exponent takes the form： 
2 * 2 * * 
-2tt [ (ha ) U + … + 2hka b U ] 
丄丄 丄Z 
U l l U22 U3 3 U2 3 U13 U12 
0(1) 58(1) 59(1) 36(1) -15(1) 6(1) -14(1) 
0(2) 66(1) 45(1) 49(1) -8(1) 12(1) -13(1) 
C(l) 40(1) 35(1) 39(1) -13(1) 1(1) -5(1) 
C (2) 48 (1) 38 (1) 36 (1) -12 (1) 4 (1) -9 (1) 
C (3) 52 (1) 55(1) 44 (1) -16 (1) -6 (1) -14 (1) 
C{4) 48(1) 60(1) 58(1) -20(1) 6(1) -22(1) 
C(5) 53 (1) 47 (1) 44 (1) -13 (1) 9 (1) -18 (1) 
C{6) 47(1) 34(1) 38(1) -12(1) 2(1) -6(1) 
C (7) 43 (1) 44 (1) 33 (1) -9 (1) 6 (1) -7 (1) 
C (8) 61 (1) 46(1) 48 (1) -6(1) 3(1) -5(1) 
C(9) 61(1) 63(1) 46(1) 6(1) 1(1) 0(1) 
C(10) 58(1) 95(2) 41(1) -1(1) -9(1) -19(1) 
C(ll) 64(1) 75(1) 43(1) -10(1) -5(1) -27(1) 
C(12) 44(1) 54(1) 36(1) -9(1) 4(1) -16(1) 
C(13) 46(1) 47(1) 41(1) -15(1) 1(1) -19(1) 
C(14) 65(1) 62 (1) 45(1) -26 (1) 15 (1) -29 (1) 
C(15) 63(1) 56(1) 64(1) -35(1) 16(1) -15(1) 
C(16) 60(1) 42(1) 57(1) -20(1) 4(1) -10(1) 
C(17) 45(1) 44 (1) 42 (1) -16 (1) 3(1) -16 (1) 
C(18) 38(1) 41(1) 45(1) -14(1) 4(1) -14(1) 
C(19) 55(1) 48(1) 94(2) -25(1) 33(1) -19(1) 
C(20) 41(1) 57(1) 49(1) -23(1) 6(1) -7(1) 
C (21) 80(1) 65(1) 36(1) -15(1) 1(1) -12(1) 
C (22) 94(2) 46 (1) 65(1) -2(1) 10(1) -20(1) 
4 
T a b l e 5 . H y d r o g e n c o o r d i n a t e s { x 10 ) a n d i s o t r o p i c 
»2 3 
d i s p l a c e m e n t p a r a m e t e r s (A x 10 ) f o r P . 
X y z U ( e q ) 
H(3A) -655 2962 4918 59 
H(4A) -1875 2197 6813 64 
H(5A) -544 1909 8649 56 
H{8A) 2261 35 9711 64 
H(9A) 3658 -386 11544 74 
H ( IOA ) 4606 1649 12014 80 
H ( l l A ) 4120 4106 10672 72 
H(14A) 1123 5810 9907 64 
H(15A) 432 8393 8873 68 
H(16A) 1471 9438 6950 62 
H{19A) 4111 5500 5807 77 
H ( 1 9 B ) 5 2 4 3 4 8 5 4 6 9 6 0 7 7 
H(20A) 4475 2581 7454 57 
H(20B) 4425 3036 5996 57 
H(21A) 2187 3958 2736 90 
H(21B) 555 4394 3290 90 
H(21C) 1217 2647 3444 90 
H(22A) 3541 9791 4248 105 
H(22B) 3271 10200 5518 105 
H(22C) 1879 9781 4849 105 
。 2 2
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